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CHAPTER I 


INTRODUCTION 


I.1. Gujarat and Gujarati 


Gujarati is an Indic language spoken mainly by the people living in 
the state of Maha-Gujarat -- or Gujarat as it is usually called. There 
is, however, also quite a number of Gujarati speaking people in the state 
of Maharashtra (see the map). Most of the Gujaratis, who lived formerly 
in Kenya and Uganda, have moved to Canada and Great Britain. That may 
be also true of those who lived in South Africa. 

Gujarati language belongs to the Indo-Aryan sub-branch of Indo- 
Irarian, which again is a branch of the Indo-European family of languages. 
According to the census of India (1971)?, the number of persons 
speaking Gujarati is approximately 25.6 million. The same handbook lists 

three distinct dialects of Gujarat: (i) the Northern dialect spoken be- 
tween the Banas and Sabarmati rivers, (ii) the central dialect spoken be- 
tween the Sabarmati and Narmade rivers, and (iii) the Southern dialect 
spoken beyond the Narmade river and south of the Tapti river. It is 
further stated that besides the regional dialects there exist various 


occupational and social (caste) dialects.” It is evident that the 


Appendix II, page 333. 


: pp. 269-70. 


1 = India 
2 = Gujarat State 
3 = Maharashtra State 
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Fig. 1.1 Map of India and Gujarat 


criterion of deciding the dialect regions is rather geographical than 
linguistic. 

In the absence of a real linguistic survey of Gujarat,” we may per- 
haps just start from the most common geographical division of Gujarat into 
Kutch, Saurashtra, and Gujarat proper. Kutch is the North-Western part 
of the state. Saurashtra is the peninsula south of Kutch, and Gujarat 
proper is made up of the Eastern part of the country (see the map). Apart 
from the dialect spoken in Kutch (which has some relations to Sindhi 
language), all dialects of Gujarati are very similar and mutually under- 
standable. Besides the dialects, a sort of standard Gujarati is spoken 


all over the state. 


I.2. A linguist's interest in Gujarati. 


A linguistic or phonetic researcher is generally interested in the 
structure of all languages. If a language has, however, some special or 
unique features, he gets naturally more interested in that. Gujarati has 
some phonological characteristics which are of great interest both to 
a linguist and to a phonetician. It has a unique vocalic system showing 
a three-way contrast between the oral, nasalized, and murmured or breathy 


vowels (see section II.2.6): 
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Grierson (1903-28) is quite old and outdated, and does not contain 
any well-defined description of the dialects. 


Gujarati also has a series of retroflex consonants, which are in 
contrast to the corresponding dental and alveolar consonants (see Chap- 


ter II): t-t, d-d, 1-1, n-n, r-r. 


The phonological interpretation of the murmured (breathy) vowels is 
a matter of interest to any linguist. Similarly, the phonetic analysis 
of the murmured vowels and the retroflex consonants is of great interest 


to phoneticians. This defines the scope of the present thesis. 


I.3. The scope of the present thesis. 


First of all, a brief sketch of Gujarati phonology is presented, ex- 
cept of its suprasegmental phonemes. First, the phonemes of Gujarati 
have been set up. The phonemic interpretation is not exhaustive. It 
serves as a starting point. 

The phonemes of Gujarati have been described in the distinctive 
feature system of Roman Jakobson. Next follows a formant analysis of 
Gujarati clear, nasalized, and murmured vowels, and their comparison 
based on that. Finally, a palatographic and spectrographic study of the 
retroflex and corresponding non-retroflex (or dental/alveolar) con- 


sonants of Gujarati is presented. 


CHAPTER II 


PHONOLOGY OF GUJARATI 


II.1. Some previous works. 


The traditional grammars of Gujarati do not give any description of 
the phonological system. They simply mention the alphabet and give some 
rules of pronunciation. Some scholars of Gujarati language and literature 
have tried to describe the structure of Gujarati. Divatia (1921) dis- 
cusses the historical development of Gujarati. He gives diachronic ex- 
planations for the synchronic usage. Turner (1921) is perhaps the first 
scholar who gives a systematic description of the history of Gujarati 
language. T.N. Dave (1935) describes the structure of the sixteenth cen- 
tury Gujarati, based on a particular text. P.B. Pandit’, perhaps for 
the first time, treats various aspects of Gujarati phonology according to 
the principles of modern descriptive linguistics. Cardona's. (1965) 
seems to be the first descriptive reference grammar of Gujarati, written 


for linguists and language teachers. 


. See the bibliography for a list of some of his works. See also 


Pandit (1957) for his transcription of the murmured vowels and 
aspirated stops. 


II.2.1. Phonemes. 


It is common to distinguish the following vowels and consonants 


in Gujarati. 


II.2.11. Vowels. 


Clear 
i u 
e ° 
E 0 

a 


y 
1 


ORAL 
Murmured 
(breathy) 
i. u 
e ° 
E 2 0 
a 
NASAL (Nasalized) 
Vv 
u 
30 


II.2.12. Consonants. 


Labial Dental Retroflex Palatal Velar 
vl Pp © £ é k 
Unasp 
# iva b d d J g 
raF 
fo} 
a 
‘a ph th th ch kh 
Asp. 
Lea, bh dh dh jh gh 
fricative 7 
& s Ss Ss h 
Sibilants 
Nasals m n n a n 
Liquids ¥ r 
Semi- 
vowels v d 


With a few exceptions (see Chapter III), these vowels and consonants 
can be shown to form distinctive opposition in the same environments and 
said to be phonemic. It is possible, however, to make further reductions 
by interpreting murmured vowels, nasalized vowels and aspirated stops as 
clusters. These reductions will be discussed after the less contro- 
versial distinctions (place of articulation in vowels, and place and manner 


of articulation in consonnts) because they presuppose a particular 


analysis of both vowels and consonants. 


II.2.21 The vowels. 


The vowels of Gujarati are distinguished by their place of 
articulation and the degree of aperture. There are eight clear vowel 
phonemes in Gujarati: /i/ high front, /e/ mid front, /E/ low front, 
/a/ mid central, /a/ low central, /u/ high back, /o/ mid back, and 


/O/ low back. 


FRONT CENTRAL BACK 


HIGH i u 
MID e 3 ° 
LOW E a 0 


II.2.22 The front vowels. 


The contrast between /i/, /e/, and /E/ will be clear from the follow- 


ing examples: 


/is/ ‘upper end of bedstead! /oir/ ‘'brave' 
/ek/ ‘one! /ver/ ‘'revenge' 
/ES/ ‘enjoyment! /vEr/ ‘dust of the wood! 


Of these, /i/ has greater freedom of occurance in the sense that it 
occurs in all positions, for instance, /ila/ 'girl's name', /bi/ 'seed', 
/Jvir/ 'brave', /khe mis/ 'shirt', /kElavni/ ‘education’. 


The opposition between /e/ and /E/ is restricted to the initial 


position or initial syllable only, while it has not been regularly 
maintained in other positions. The pronunciation may vary according to 


individual speakers: 


/mel/ ‘put! /didhel~ didhEl/ 'given' 
/mE1/ ‘dirt! /hawe~ hawE/ ‘now! 
/oer/ ‘revenge! 


/ver/ ‘dust of the wood' 


Pandit (1955:653) discusses the situation: 'Open E and 0 are found 
either initially or in the initial syllables only. There:are no medial E 
and 0 in Gujarati. In final positions, however, these sounds are half 
open and there are no contrastive examples available.’ I have, however, 
observed occurance of the medial E and 0 in free variation with e and o. 
The speakers do not always keep the two degrees of openness apart in the 


medial and final positions. 


II.2.23. The back vowels. 


The opposition between /u/, /o/, and /0/ is examplified below: 


/mul/ ‘root! /un/ ‘wool 
/gol/ ‘round! /om/ ‘a mantra' 
/gol/ 'molasses' /On/ ‘this year' 


The distribution of the phoneme /u/ is quite systematic. It occurs 


in all positions: /ukarro/ 'refuse (of the garbage)', /akudrati/ ‘unnatural’, 
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/bethalu/ ‘lazy. 
Like /e/ and /E/, the opposition between /o/ and /0/ is restricted 
to the initial position or syllable only. In other positions the pronun- 


ciation may vary according to the individual speaker (see II.2.22.): 


/mor/ - 'peacock! /bhagol~ bhag01/ ‘precincts of a 
village or town' 
/m0r/ ‘mango blossom' 
/marowmar0/ ‘'mine' 
/koli/ ‘a caste! 


/k01i/ ‘blossomed! 


It may also be added that I have only six vowel phonemes in my dialect, 


which is known as the Halari dialect of Sauashtra: /i e ad ou/. 


II1.2.24. The central vowels. 


/p/ and /a/ are in opposition in initial and medial positions. 


/9j/ ‘name of a person' /tar/ ‘swim (II Imp.sg.) 
/aj/  'today' /tar/ ‘rescue (II Imp.sg.) 
/ajgar/ ‘python! 


/ajkal/ ‘these days' 


There is a restriction on the occurrence of /a/. It does not occur in the 
final position, although orthographically it is always written. It is 
possible, however, to have a slight release of /8/ occasionally after the 
word-final consonatns. Moreover, /2/ occurs in all learned Sanskrit loans. 
Teer ] 'bow', [pascatya] 'western', [usna] 'warm', [varsneya] 


'a surname'. 
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II.2.25. The long vowels. 


The long vowels [i:], [e:], [E:], [0:], and [u:] are generally listed 
as phonologically distinctive units in Gujarati grammars. The Gujarati 
alphabet also lists [i:] and [u:] as distinctive units. There is no need, 
however, to set up long vowels as phonemes as there is no opposition be- 
tween the short and long vowels. Thus, it is possible to interpret the 
long vowels as the allophones of short vowel phonemes. The eight clear 
vowels -- perhaps with the exception of /a/ -- are generally relatively 


longer in word-final syllables: 


[emiri:] 'wealthiness' 
[tabele:] ‘at the stable' 
{parpoto] 'bubble' 
[aSa:] "hope! 
[mahara:j] "king! 


[rumjhu:m] 'tinkling (of the bells)! 


For the discussion on /3/ see section I1I.2.24. 
Pandit (1958) posits a juncture phoneme /+/ to take care of the vowel 


length. 


II.2.26. The murmured and nasalized vowels. 


The murmured vowels have the same degree of openness as the clear 
vowels, that is, they are also eight in number. The nasalized vowels, 
however, do not distinguish between the open and close e and o. Thus, 

5 vy & Mow 
there are only six nasal vowels: i, E,a, a, 0, u. 


There is a contrast between the clear, murmured, and nasalized vowels. 
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It is very dubious whether there is any contrast between the clear, 
nasalized and the murmured nasalized vowels. In my own speech, and in the 
speech of my informants, such contrast does not exist. 


See II.2.51 and I1.2.6 for further discussion. 


II.2.31. The Stops. 


Like other Indic languages, Gujarati has an extensive number of 
stop consonants, as can be seen in II.2.12. They are partly distinguished 
by the position of articulation: labial, dental, retroflex, palatal, and 
velar. The retroflex consonants are often called cacuminals (cacumen = 
top of the palate) in the Indic and older European tradition. They are 
articulated with the tongue tip curled back, often as far back that it 
touches the front or even mid part of the hard palate. But they may also 
be somewhat less retracted. If that happens, they may be post-alveolars. 
Pandit (1958) calls them alveolars. More discussion on the retroflexes 
is found in II.3. 

The palatals are prepalatals, but they may also have some contact in 
the post-alveolar region. However, the tip of the tongue is not curled 
back in contradistinction to what is done in case of the retroflexes. 
They are normally affricated. This is very often the case wtih palatal 
stops because it is difficult to make a clear cut closure at the top of 
the palate. There is no basis for interpreting them as clusters of two 


: . a . : 
phonemes, viz. as t + § and d + Z, since z does not exist as a phoneme in 


Gujarati. 


In the following pages examples of the various consonants in connec- 


tion with the vowel a are given. They do not always constitute 


minimal pairs, but it is clear from the examples that they are found in 


the same environment. 


II.2.32. /p/ and /b/: 


/pan/ 'betel leaf! /palak/ ‘protector 
/ban/ 'prohibition' /balak/ 'child' 
Pp 
/pal/ ‘a surname! /kapo/ 'cut' (noun, masc.) 


/sap/ ‘snake! 


/bap/ 'father' 


/ph/ and /bh/: 


/phal/ ‘crop! /sapho/ ‘turban! 
/bhal/ 'forehead' /abho/ 'surprised' 


/saph/ 'clear' 


/abh/_ 'sky' 
II.2.33. /t/ and /d/: 
/tara/ 'girl's name! /mata/ ‘mother! 
/dara/ '‘wife' /mada/ ‘female! 


/tan/ ‘musical note! 
/nat/ ‘caste! 


/nad/ ‘sound! 


/sath/ ‘company (of somebody)! 


/sadh/ ‘ambition, intention' 


1I1.2.341 The retroflex stops. 


/t/ and /d/: 
/tal/ ‘baldness! /pata/ ‘railroad tracks! 
/dal/ ‘branch! /pada/ ‘male buffalos' 


/at/ ‘weaver's tool' 


/ad/ ‘obstruction' 
/th/ and /dh/: 


/tham/ 'place' /pathan/ 'Pathan' 
/dhal/ ‘shield! /cadhan/ ‘ascent! 
/sath/ ‘sixty 


/gadh/ '‘intimate' 


II.2.342 [d] and [r]. 


The phoneme /d/ has two allophones: [d] and [r]. [d] is retroflex 


voiced stop. It occurs in the following positions. 
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(1) In word-initial position: [dabo] ‘'left'; 

(2) After a retroflex [n]: [pandit] "learned'; 

(3) In intervacalic position, if the segment after the second vowel 
is [1], [n], or [r] 


fpeded ‘eyelashes' 


[udan] 'flying' 
[udar] 'fly' (II. Imp. sg. causative). 
[r] occurs in other positions. 
Pandit (1958:217) gives further conditions of the occurence of [d]. 


According to him, [d] also occurs inthe following positions: 


(i) Intervocally, if the segment after the second vowel is [r]: 
[gedar] 'goat'; 
(ii) before [1]; [pudlo] 'pancake; 


(iii) after a nasalized vowel: [p@do] ‘sweet! 


Cordona (1965) gives the same distribution. 

I have n»t*ced alternative pronunciations with [r] in all of the 
above mentioned examples. Hence, there is a sort of coalescence between 
[d] and [r] in the situations noted above, and also in the word-final posi- 
tion and intervocalic position: {ad]~ [ar] ‘obstruction'. Note that this 
happens in words with [d]; there are other words which have only [r]: 
[sari] 'sari', [siri] 'staircase'; there is only partial overlapping. 

/d/ may be pronounced {r], but /r/ is not pronounced [d]. 

The discrepancy between Pandit and me may be explained by the fact 

that there are minor dialectal variations in Gujarati, and one may not 


have observed some pronunciations noticed by others. Hence, further 


investigations are necessary. 


II.2.35. The palatals. 


aie 


/c/ and /j/: 


/cal/ ‘'strain'(II Imp. 


/jal/ "net! 
/kac/ 


/kaj/ 
/ch/ and /jh/: 


/chal/ ‘bark 


/jhal/ '‘hold' (II Imp.sg.) 
/kach/ 


/bajh/ 


36. The velars. 
/k/ and /g/: 


/kal/ 'yesterday' 
/gal/ ‘cheek! 
/Sak/ 
/ag/ 


sg.) /ackagn/ ‘long coat! 


/ajger/ 'python' 


'glass' 


"work! 


/pachi/ ‘again! 


"small dhoti' 


'fight' (II Imp.sg.) 


/sakar/ ‘'sugar' 
/sagar/ 'sea' 
'vegetables' 


'fine' 


/dajhi/ ‘burnt! (III sg. fem.) 
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/kh/ and /gh/: 


/khal/ ‘skin! /makhi/ 'fly' 
/ghal/ ‘put (it) in' Jaghi/ ‘away' 
(II Per. Imp. sg.) 


/rakh/ ‘ash' 


Joagh/ ‘tiger' 


11.2.37. /r/_and ys 


/rab/ ‘porridge’ Jurmi/ '‘emotion' 


/\abh/ 'benefit' /julmi/ ‘cruel! 


/car/ ‘four' 


/cal/ ‘walking style' 


T1.2.38. The yetroflex /1/ : 
a ae 


The alternations of /1/ have been observed: with one tap and without 


tap. Both are in free variation. /1/ does not occur in word-initial 
position. In orther positions it is in the contrast with /1/: 


/palo/ 'grass' /kal/ 'yesterday' 
/palo/ ‘banks (of rivers)' /kal/ ‘time; death' 


/alya/ 'gave' (masc., pl.) 


/palya/ 'tburnt' (masc., pl.) 


1I.2.39. Sibilants. 


There is contrast between the dental and palatal sibilants, but 


med feature. not distinctive. The 


retroflexion in sibilants is a conditio 
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retroflex s is still listed in Gujarati alphabet and is treated to be a 
phonologically distinctive unit, but it is not pronounced as a retroflex 
sibilant except before a retroflex consonant. Thus, in words like 


satkOn "hexagon', sat 'six', pasan 'stone', ksama 'pardon', 


dhenusya, etc. the palatal [$] is pronounced, whereas [ast] is pro- 


nounced with a retroflex sibilant. 


/s/ and /$/: 


/sal/ ‘hindrance! /orasyo/ ‘small round piece of 
stone! 


f ' ' c 
/sal/ shawl /kalasyo/ 'big glass 


/pas/ ‘near! 


/pas/ "bondage! 


The phoneme /S/ must be considered to have two allophones: a palatal 
sibilant [$], and a retroflex sibilant [s]. [s] occurs medially before 


41 . : . 
a retroflex consonant, [Ss] occurs in other positions. 


Fn 
[s] [s] 
[ast] 'eight' [SatkOn] 'hectagon! 
[ustra] 'camel' [pagan] ‘stone! 


[varsneya] ‘'surname' 

[usnd] ‘warm! 

[sasti] ‘sixtieth (year)' 
II.2.4 The semi-vowels. 


Of the two semi-vowels, /y/ is palatal, and /p/ is labial: 
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/yar/ ‘friend' /daya/  ‘'mercy' 
/var/ ‘day (of the week)' /deva/ 'medicine' 
/gay/ ‘cow! 


/gaw/ 'sing' (II Imp.pt.) 


There are two allophones of / /: a labio-dental frictionless [ ], 
and a labial [w]. [ ] occurs initially; [w] occurs in word-final position. 


Both var- freely in medial position. 


[v] [w] 
[var] ‘day (of the week)! [gaw] ‘sing! (II Imp.sg.) 
[vir] ‘brave! [saw] ‘almost! 
[ver]  'revenge! [moharaw] 'king' 
[dava] [dowa] "medicine! 
[nevnit] [nawnit] 'boy's name! 
[holve] [holwe "slowly! 


II.2.51. Nasal consonants and nasalized vowels. 


As mentioned in section II.2.12, Gujarati has the following nasal 


consonants: [m, n, n, , n]. Of these, only [m] and [n] occur in word- 


initial position. They are in distinctive opposition: 


/man/ ‘honor! /man/ ‘mind! 


/nam/ ‘name! /nat/ 'bowed' 
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There is a three-way opposition between [m], [n], and [m] medially 
between vowels, and before consonants. Also there is a three-way opposi- 
tion in word-final in word-final position: /pamer/ 'wretched' /cimki/ 
‘warning! /pam/ ‘obtain' (II Imp.sg.) /vaneor/ 'monkey' /janki/ 
"girl's name' /pan/ 'betel leaf! /manas/ ‘man! /manki/ "swift 
mare! /pan/ "stone'. 

There are some restrictions on their occurrence in medial position as 
to the following consonant, but it is not so that [m, n, n] are only 
found before their homorganic consonants (cf. Pandit 1957, p. 168, who 
rightly stresses this fact in contradistinction to what has been said by 
Firth and Allen). It has been shown in the above examples that all three 
occur before k. 

It is thus evident that we have to set up at least three nasal con- 
sonant phonemes, /m/, /n/, and /n/. The palatal nasal [n] and the 
velar nasal [n] » however, occur only as homorganic nasals before stops 
having the same point of articulation: [sanco] 'machine'. [kanku] "girl's 
name'. 

As [m, n, n] also occur before k, it is not possible to consider [n] 
to be a variant of any of them. Thus, we have to set up a fourth nasal 
phoneme with a very restricted distribution. Pandit (1957) used the 
designation /N/ for this phoneme, which is velar before velars, and 
palatal before palatals. 

It is not possible to analyse the nasalized vowels as vowel plus any 
of the three nasal phonemes /m/, /n/. or /n/ » Since they are dis- 


tinctly different from them: 


[ka] 'why' 
[kam] 'work' 
[kan] ‘ear’ 


[kan] ‘consolation (for the dead)'. 


But nasalized vowels can be considered to be clusters consisting of 
an oral vowel plus the nasal phoneme /N/, mentioned above, since there is 
no opposition between nasal vowel and vowel + fh or n. This analysis has 
been proposed by Pandit (1957). According to Pandit, there is a positive 
reason for such an interpretation, since he has found free variation be- 
tween an oral vowel + N and a nasalized vowel, e.g. [banko] 'brave' 
may also be pronounced as [bdko]. However, this alternation has not 
been observed by me. 

Pandit sets up a fourth allophone of the phoneme /N/, which is [5]. 
According to him, 2 + n and ot n are not nasalized. He also finds that 
[3] is nasalized only in the end before /s, 3, r, 1, y,v/ and any mur- 


mured vowel: 


[kegs] 'a king's name! 
[sodyem] ‘control! 


[sadvad] ‘dialogue! 


Such pronunciations have, however, been noticed by me only as free 
variations of a fully nasalized vowel: [k3s], [sdyam], [sSvad]. Pandit 


also has observed such pronunciations in learned loanwords of Sanskrit. 


II.2.52. The nasal phonemes. 


Thus we set up four nasal phonemes in Gujarati: /m/, /n/, /n/, and 
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/N/. The retroflex /n/ has two variants in free alternation: a 
retroflex flap nasal with one tap, and a retroflex nasal. /N/ has three 
allophones: 

[n] palatal nasal; it occurs before palatal consonants; 

[n] velar nasal; it occurs before velar consonants; 


[~]  nasalization of vowels 


Examples have already been given. A few more are given below with /m/, 


/n/. and /n/: 


/$aN/ [Sa] ‘what! (pl.) 
/s3Ngh/ [sang] "group! 

/saNco/ [safico] ‘machine! 

/San/ [San] 'pride' 

/San/ [San] 'knife-sharpener' 
/am/ [am] 'thus! 


II.2.6. Aspiration, h, and murmur. 


II.2.61. Consonant h. 


In Gujarati, the consonant h occurs initially, medially, and finally. 
Medially, it is voiced. /saheb/'sir', /hajar/ 'present', /heri/ 
‘Vishnu! /pahyat/ 'useless', /hahakar/ ‘tumult, uproar', /maharav/ 
'emperor', /phateh/ 'success', /cah/ 'tea', /brahman/ "brahmin', 


/sohyadri/ 'name of mountain', /heve/ 'now', /hat/ 'shop'. 
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II.2.62. Stop consonants. 


Aspiration is phonetically closely related to the consonant h, 
and it is possible to interpret aspirated stops as a cluster of stop +h. 
This analysis does not make any difficulties since the unaspirated stops 
and h both occur as separate phonemes, and since there is no phonological 


distinction between stop + aspiration and stop + h. 


II,2.63. Murmured vowels. 


Murmured (breathy) vowels are also phonologically related to h, and 
an analysis of murmured vowels into vowel + h has to be considered. How- 
ever, that seems to be more problematic. 

The peculiar characteristic of Gujarati murmured vowels has been ob- 
served by various scholars. Grierson (1927) pointed to the weak h in 
Gujarati. Firth (1950:52) referred to the 'breathy phonation' in contrast 
to the 'tight phonation' in Surti Gujarati. Chatterjee (1931) interpreted 
it as a 'glottal stop, or accompanying glottal release' (cf. Pandit 1957 
for further discussion). Most of the Gujarati scholars, following Divatia 
(1921:115, 297) consider breathy phonation to be a special king of h, and 
not a vocalic feature. K.H. Dhruva (cf. Divatia 1921:297) described it 
as a vocalic feature and called it 'Prandhvani' (a breathy sound). Re- 
jecting this view, Divatia called it a variety of the consonant h and 
labelled it as 'laguprayatna hakara' or 'laghuccarana hakara' (the weak h). 
Divatia calls the consonant h 'guruprayatna ha-kara' or 'strong h'. He uses 
the terms aurasya h (produced from the chest) or the weak h, and kanthya 


(glottal ) or the strong h for the two kinds of h. The literature Gujaratis 
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and dictionaries generally refer to is as the ha-sruti, or a sort of h- 
sound. 

Varma et al. (1960:267) also describe two kinds of h in Gujarati: 
"In addition to the glottal h, the aurasya h is also used in Gujarati at 
times, e.g. brahmen >» ahwan . In these examples the h-sound is pro- 
duced from the chest. This h is also slightly heard in some tadbhava 


words: in the words gme , tame, jyare, tyare, etc., this h-sound 


is heard. It is called the h-sruti (h-sound)". [Translated from Hindi. ]. 
The word tatsama means a learned loanword from Sanskrit (or other 
languages); tadbhava literally means 'derived from that', i.e. derived 


from tatsama, and hence the standard colloquial Gujarati word. 


Note that the definition of h is incorrect and not phonetic. The ex- 
ample brahman_ is not clear; perhaps the word brahman 'brahmin' is 
meant. The statement and the examples have not been explained. Also the 
statement about the weak 'h' isnot correct. In fact, these are examples 
with murmured vowels, and murmured vowels are widespread in Gujarat. 

The first phonological and phonetic description based on modern 
phonetic and linguistic principles has been given by Pandit (1957). Pandit 
interprets murmured vowels as vowels +h. He sets up a phoneme /h/ with 
two allophones: murmur [_] and aspiration [*] (our transciprtion for murmur 
is [..]. The phoneme /h/ is defined by Pandit as having some sort of extra 


breath. 


He writes: 'When it is similtaneous with the vowel it is murmur (mur- 
mur being described as sotto voce, with voicing and slight lowering of 
pitch), when not simultaneous with the vowel it is the aspiration of the 
previous consonant. Murmur is transcribed after the vowel, aspiration is 


transcribed after the consonant.' [Pandit (1957:169-170)]. 
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A few examples of the murmured vowels and stop consonsants are given 


below: 
/bar/ [bar] 'twelve /bahr/ [bar] ‘out! 
/bhar/ [bhar] 'weight' 
/ko/ [ko] 'somebody' /koh/ [ko] 'say' 
/kho/ [kho] ‘a game' 
/por/ [por] ‘last year' /pohr/ [por] 'a measure of time! 


Pandit's analysis is strongly supported by the following reasons: 


(1) First of all, it may be mentioned that historically murmured 
vowels have developed from vowels + h and sometimes h + vowels. For 
instance, [bar] was formerly [bahar]. In modern Gujarati such pronuncia- 
tions are not found as a regular feature, although they are often heard in 
emphatic speech or as a reading practice. Hence, in such cases the h 
disappears and the word is pronounced either with clear or with murmured 


vowel: [bar] or [bar] 'out'. 


(2) h + vowel may be pronounced as murmured vowel: [hori] or [ori] 


"boat'. 


(3) The consonant h occurs as the aspirated release of stops: 
[1ab"y 'benefit'. In such cases the h may disappear, according to 


Pandit, and the preceding vowel is pronounced murmured: [lab]. 


(4) The relationship between h and the murmured vowel is also ap- 


parent from the fact that murmured vowels do not occur after aspirated 


26 


stops. Only clear and nasalized vowels occur after aspirated stops: 


(tPiK] ‘alright', (etd 'sneeze'. 


(5) Although it has been stated by Pandit (1957) and R. Dave (1967) 
that the murmured vowels do not occur in word-final position, a few such 
occurrences have been observed by me later: [sa]~ [shah] 'a surname’, 
[ca]~ [cah] 'tea'. Pandit himself quotes one example: [t] CY. Dt aa 
still dubious whether this is a feature of a couple of individual speakers 


or a common feature of Gujarati. More investigation is necessary. 


(6) Words which do not belong to any of the above types are always 
pronounced with a clear vowel without any possibility of alternation: 
[bar] 'twelve', [sar] 'motto', [sont] ‘gold. Thus the pronunciation 
of the mucmured vowel is optional to some Gujarati speakers, but the 
pronunciation of the clear vowels stated in other types of words is stable. 

Thus, intervocalic h is the most common source of murmured vowels. 
But, as mentioned above, there are also other cases where the variation 
between h and murmured vowel have been observed: [hori] or [ori], [1ab"y 
or [lab]. The source for the murmured vowel in these cases is either 
initial h or the aspirated release of stop. This is the basis for 


Pandit's interpretation. 


II.2.64. Problem in the analysis. 


The interpretation proposed by Pandit is, however, still incomplete in 
the sense that it does not take care of some problems. It seems to me 
that it needs some significant modifications. Pandit does not set up 


the consonant h either as a phoneme, or as a variant; nor does he see any 
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need for doing so. In fact, there is no discussion in his writings on 

the status of the consonant h. However, it is clear from his statements 
that he considers the intervocalic h to have merged completely with the 
vowel. Moreover, he stated that murmured vowels do not occur before pause. 
This seems to indicate that he considers words like [sah] to end in h, but 
this is not stated overtly (see section II1.2.63 for Pandit's interpreta- 
tion). As stated by me in section II.2.61, h is observed to occur as a 
consonant in all positions. The fact that h occurs as a consonant in 
Gujarati cannot be overlooked or neglected, and one must take care of this 
fact in the interpretation. If h varies freely with murmur as Pandit seems 
to suggest, it does not prevent an interpretation of murmur as a vowel 
combined with h. On the contrary, it supports that analysis. The 
analysis is also possible if h appears in some positions and murmured 


vowels in others. But it does not seem to be as simple as that. 


I1.2.65, The possible solution. 


The problem is complicated by the fact that Standard Gujarati is nota 
completely homogeneous language. There are variations according to the 
dialectal background of the speakers. Murmured vowels are most stable 
in the Eastern part of the country (thus in Gujarat proper), whereas 
many Western dialects do not have murmured vowels. In these dialects h 
is pronounced initially and finally, whereas medial h has normally dis- 
appeared, but leaving the vowels as clear vowels. Medial h is, however, 
kept in some (often learned) words. In my own dialect (Halari), there are 


no murmured vowels, but as I came to Ahmedabad as a child, I have acquired 


stops 1ike lab. Ine LNLULIWIANLS USTCU Ail My AllvEestixgativil VL VUWY LOD 4at 
Gujarati (see Chapter III) spoke a similar type of Standard Gujarati. 
The most confusing fact is, however, that I - and most speakers of 
Standard Gujarati whom I know - speak h rather consistently, also in 


medial position, in a number of words like hahakar, saheb, hari, pahyat, 


etc. Many of these words are either interjections of learned words, 

taken over from Sanskrit or Urdu, and it is not possible to find direct 
minimal pairs showing an opposition between murmured vowel and clear vowel 
+ h. So perhaps these words may be considered to form a special layer of 
the vocabulary. Although this is not quite clear, there are so many good 
reasons for considering murmured vowels as combinations of clear vowels 
+h, that this solution seems to be the most attractive one. But further 
investigations of the actual pronunciations are needed. Pandit may 
have had other types of Standard Gujarati in mind. 


We thus propose to set up a phoneme /h/ with the following variants: 


1. [h] voiced glottal fricative; it occurs in (a) initial and 
(b) intervocalic position; 
2s [h] voiceless glottal fricative occurring in final position; 
] aspirated release of stops, occurring after stops; it is 
voiced or voiceless according to the preceding stop; 
4. [.] murmur, pronounced simultaneously with the vowel, occurring 
before a consonant (e.g.bar, por) and, in free variation 


with [h], [h], and fy in the first three positions (with 
° 


Pandit (1965) considers it to be a semi-vowel, although he has not de- 
fined it. Cardona (1965) does the same. Hockett (1955:75); 1958:94) 
allows semi-vowels to be included in the category of vowels if they 
occur as a peak nucleus or peak sattelite, and not as a margin. Trager 
and Smith (1957:21-22) call English /h/ a semi-vowel. Neither Hockett, 
nor Trager and Smith discuss a structural situation similar to that of 
Gujarati. Similarly, Roman Jakobson considers h to be a glide, like y 
and w. Probably h may be interpreted differently in different languages. 


In Gujarati there are no reasons against considering it as a semi-vowel. 


II.3.1. Theory of distinctive features. 


We have posited 30 phonemes for Gujarati. Now we shall try to 
describe them according to the theory of distinctive features set forth by 


Roman Jakobson. 


1I.3.21. The theory in brief. 


Although the term 'distinctive feature' is often used by American 
structuralists following Bloomfield (1933:77-80), theydo not use them in 
the structural description of language. In the Prague school Trubetzkoy 
(1939) prepared a comprehensive taxonomy of the distinctive multidimen- 
sional oppositions. They are regarded as classificational dimensions, 


which are used to arrange phonemes of a language into a system. For 
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instance, in the opposition /p/, /b/ in Gujarati, /b/ has voicing while 
/p/ lacks it. Not only this, but also the opposition between the two 
phonemes could be characterized as bilateral, proportional, and privative. 

Jakobson's distinctive feature theory no longer regards the dis- 
tinctive properties as merely classificational and multidimensional. It 
is believed that thay are components and are thus minimal linguistic 
units. Hence, his theory is a significant development of the Prague 
school phonology. 'The distinctive features are the ultimate distinctive 
entities of language since no one of them can be broken down into smaller 
linquistic units. The distinctive features combined into one simul- 
taneous bundle form a phoneme. ' (Jakobson et al. 1952:3). Another 
basic principle is that these components are to be described generally in 
terms of binary opposition (cf. I1.3.22). 

The theory further assumes that a universal set of distinctive 
features should be set up to describe all languages, and their numbers 
should be kept as low as possible. Out of this stock, each language to 
be analysed will use a restricted number of features. This is necessary 
for the sake of economy and simplicity of the description. Thus for 
each language, one has to first set up the phonemes and then to analyze 
them into features. Thus, a phonological matrix has to be set up with 
phonemes marked by their distinctive features as + or -. Some features 
depend on the environment. They are thus concomitant phenomena. Still, 
they might perhaps be needed for perception. ‘These non-distinctive 
features are redundant features, and marked by zero in the phonological 
matrix. Take, for instance, Gujarati /t/, /a/, and /n/ and the features 


voicing and nasality: 
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a oe 
voice = % 0 
nasality - - + 


If we add /s/ and the feature strident, the matrix will be: 


t d n s 
voice - + 0 0 
nasality - - + 0 
strident = = fa) + 


In addition to this feature dichotomy, another significant contri- 


bution of this theory is its attempt to combine articulatory, acoustic, 


and auditory features, and the auditory aspect is stressed. Jakobson 
(1962:488) justifies this as follows: 'The closer we are to the desti- 
nation of the message, the more accurately we can guage the information 
contained in the sound chain.’ This determines the operational hierarchy 
of levels in their decreasing pertinence: perceptual, aural, acoustical 
and motor (the latter carrying no direct information to the receiver ex- 
cept for the sporadic help of lip-reading. 

When the theory was first presented in Jakobson et al. (1952), the 
feature description was articulatory, acoustical, and auditory. Jakobson 
and Halle (1956) do not give auditory definitions. This may be due to 
the fact that 'The distinctive features have been portrayed only on the 
motor and on the acoustic level, because these are the only two aspects 


for which we so far possess detailed information.' (Jakobson 1962:489) 


As we just mentioned above, the distinctive feature theory was presented 


in Jakobson et al. (1952); it was modified in Jakobson and Halle (1956). A 
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The distinctive features of phonemes are described in binary opposi- 
tions. The information theory, as it is held by the communication theore- 
ticians, says that the listener always gets a message with two choices out 
of which he has to select one. Thus, the listener's code is binary, 
according to the information theory. This view is adopted by Jakobson, 
Halle, and Fant (1952) as a fundamental principle in phonological analysis 
(cf. also Jakobson and Halle (1968:442-445). 

Thus Gujarati /p/ and /b/ are described by the feature [+voice] or 
[-voice]. Generally these dichotomies are minimal. The same set of 
features describes vowels and consonants. 

Our of twelve distinctive feature oppositions said to be inherent to 
the language and, hence, universal, each language utilizes a limited num- 
ber to describe its phonemes: (1) Vocalic/Non-vocalic, (2) Consonantal/ 
Non-consonantal, (3) Nasal/Non-nasal, (4) Compact/Diffuse, (5) Abrupt/ 
Continuant, (6) Strident/Non-strident, (7) Checked/Unchecked, (8) Voice/ 
Voiceless, (9) Tense/Lax, (10) Grave/Acute, (11) Flat/Non-flat, (12) Sharp/ 
Non-sharp. 

For the articulatory and acoustical definitions of the features, see 
Jakobson and Halle (1968). It is clear from the feature specifications 
that they refer to the manner of articulation and place of articulation 
of phonemes. The opposition Compact/Diffuse refers to the high and low 


(or open and narrow) phonemes, while the opposition Grave/Acute describes 


SS 


the back and front (or rounded/unrounded) phonemes. 


II.3.3. Distinctive features of Gujarati phonemes. 


II.3.31 Four major classes. 


The first two feature classes, Vocalic/Non-vocalic and Consonantal/ 
Non-consonantal, may be said to be the features which make a basic dis- 
tinction between two major classes of phonemes: vowels and consonants. 
However, these two feature oppositions also help us in distinguishing two 


other classes of phonemes: liquids and glides: 


Vowels Cons. Glides Liquids 

+voc. +cons. -cons. +cons. 

-cons. -voc. -voc. +voc. 

i,e,E,etc. stops, yop yh ry is1 
fricat., --+ 
nasals 


II.3.32. The vowels. 


We have separated two major classes of Gujarati phonemes by using two 
major dichotomous oppositions. Now we need to make further distinctions 
in vowels. Table II.1 shows the feature matrix of Gujarati vowels. 


[The zeros are indicated by open space. | 


Vocalic/ + + # + + + + + 
Non-vocalic 


Consonantal/ - = = = s = = é 
Non-consonantal 


Compact/Diffuse 2 + + + + = = ea 
Grave/Acute 2 = + % + + + 
Tense/Lax = + 2 x 

Flat/Non-flat + + + x = 


The feature Compact/Diffuse is meant to separate high vowels from mid and 
low vowels. (It is also used to distinguish back consonants and front 
consonants.) Thus, we are able to distinguish i and u frome, E, o, and 
0. Also a is distinguished from a. We have just stated that a is 
+compact and g is -compact (i.e. +Diffuse). This may be said only 
relatively (cf. the formant charts in III). It must be mentioned, how- 
ever, that all feature specifications are relative in the distinctive 
feature theory. For instance, phoneme /u/ and /i/ are -Compact in re- 
lation to /o/, and /e/ respectively. 

Now a has to be distinguished from other +Compact vowels e, E, o, 
0; a also has to be separated from other -Compact vowels i and u. For this 
we employ the opposition Grave/Acute. The vowels /u, 0, 0, a, / are 


+Grave, and the front vowels /i, e, E/ are -Grave. (As for consonants, 


the distinction is made between the peripheral and medial consonants. 


Sy | ea ee eee. Soe RESO ors 


self and most of my informants, who do not distinguish between e-E and 
0-0 (see I1.2.22 and II.2.23), we do not have any problem to separate 
them. Table I will distinguish them clearly, if we remove E and 03] 

The three degrees of aperture of Gujarati vowels cannot be described 
quite satisfactorily, but it is possible to find some solutions. The 
vowels e and E, and o and 0 may be distincuished from each other in more 
than one way. We may describe i as -Compact, E as +Compact, and e as 
+Compact. However, this method is generally not used nowadays. Although 
it describes the three degrees of aperture, it still is confusing to see 
a phoneme with both positive and negative features. Jakobson also sug- 
gested to solve the problems by assuming a further dichotomy: tense/lax. 
(For detailed discussion, cf. Fischer-Jg¢rgensen 1975, p. 148-149.) By 
using this opposition, one may describe e as lax and E as relatively 
tense. The same applies to 0,0. 

Looking at the formant frequency charts of my informants, I found the 
vowel loop area for the vowel e somewhat more centrally located than for 
E. This might indicate that e is lax or -tense in relation to E. So we 
can interpret E as +tense and e as -tense. 

None of my informants makes a consistent distinction between o and 0. 
However, other speakers do distinguish them, and hence we have to include 
them in our analysis. A similar distinction may also be made between 


them: 0 as +tense, and o as -tense (Table II.1). 


cf. also p. 451 tor Grave/Non-grave, and ACULE/NON-aculejs. Aecurarng 


to this solution, the vowels E and 0 are +Compact and -Diffuse, while e 


and o are Eee 


pane (Table II.2). 


TABLE II.2 


Alternative feature matrix for Gujarati vowels 


i: e E ° 0 u xo) a 
Vocalic/ + + + + + * + + 
Non-vocalic 
Consonantal/ - - = . = os 2 2 
Non-consonantal 
Compact/ - = + “ © ws = te 
Non-compact 
Diffuse/ + = 3 S = & + _ 
Non-diffuse 
Grave/Acute ms - = + + + $ + 
Flat/Non-flat + + + é - 


In table II.2, a, a are characterized as +Grave and distinguished 
from u, o, 0 by being Non-flat. In a way, this may be true for English 
(see Jakobson et al. 1952, p. 43), but perhaps not so much for Gujarati. 


The formant chart for both vowels indicates (cf. III) that they are 


central and not really back (+Grave). They may, therefore, be 


interpreted as -Grave and -Acute. But this also cannot be done, 
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terpret a and a as +Grave. 

In any case, we do not need more than six binary oppositions to 
describe the distinctive features of eight Gujarati vowels (or 4, if the 
category of vowel is taken separately). 

A comment about splitting up an autonomous dichotomous scale of dis- 
tinctive feature into two autonomous scales is perhaps necessary. This 
type of division is, of course, artificial, and is adopted only for con- 
venience or as a way out if one wishes to keep the features binary. More- 
over, it will not work for the languages which have four degrees of aper- 


ture (cf. Fischer-Jérgensen 1975, p. 149). 


II.3.3. The liquids and glides. 


Gujarati has three liquids: r, 1, and l. It also has three glides: 
y, vp, h. According to Jakobson and Halle (1968), glides are -Vocalic and 
-Consonantal. Their reasons are not clear. To Fant (1967) it is arbi- 
trary. Fischer-Jérgensen (1957, p. 157) indicates that y, w can also be 
considered as +Vocalic and +Consonantal, like liquids. 

The description of h and ? is also not convincing, according to her: 
'Brom an articulatory point of view they must be +Vocalic, since they are 


articulated without any constriction in the buccal tract.' As rightly 


stated by her, both h and glottal stop are generally considered to be 
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consonants. 

The analysis of y, w (and perhaps also of h, 2) is not clear, and 
awaits further investigation. 

Table II.4 shows the liquids and glides of Gujarati according to 
their distinctive features. 1 and 1 are distinguished by the feature Flat, 


r and 1 are distinguished by the feature Abrupt, y and vp by the feature 


Grave, and h is distinguished from all by the feature +Tense. 


TABLE II.3 


Feature matrix for glides and liquids 


r 1 1 y it) h 
Vocalic + + + ra rs 
Consonantal + + + = J 
Abrupt + = x 
Grave = e 
Tense - - a an x 4: 
Flat - + 


Jakobson et al. (1952, p. 43) defines h as +tense in contradistinc- 
tion to #, which is -tense. In Gujarati, however, we are interpreting h 
as +tense without having any such phoneme as /#/ having values opposite to 
/h/. This is not very convincing, but that seems to be the only alterna- 


tive. 


passage. We have four nasal phonemes in Gujarati: /m, n, n, N/, which 
are distinguished from the non-nasal phonemes by the feature +Nasalized. 


Table II.5 shows their distinctive feature matrix. 


TABLE II.4 


Feature matrix for Gujarati nasals 


m n n N 
Vocalic - - - - 
Consonantal + + + + 
Nasal + + + + 
Compact + 2 > + 
Grave + = 
Flat - < + - 


We use the feature +Compact to separate N from m, n, and n. 
Jakobson accepts nasalized vowels as phonemes in his distinctive feature 
theory. However, in our phonemic interpretation of Gujarati vowels 
(I1I.2.51) we have treated them as V+N rather than unit phonemes. There 
is no discussion or indication in Jakobson's system as to what should be 
the distinctive features of phonemes like Gujarati /N/. Since two of 


the allophones of /N/ are the palatal [n] and velar [n], I have defined 


it as +Compact. 


1.9.91. utner Classes OF Consonants. 


Table II.5 presents Gujarati consonant phonemes (including nasals, 
liquids, and glides) according to their distinctive feature oppositions. 

The feature Abrupt/Continuant is used to separate stop consonants 
from sibilants. The following chart shows the consonants and the fea- 


tures specifying them: 


Palatals, velars: +Compact $ Labials, dentals, -Compact 
alveolars: 

Labials, velars: +Grave : Palatals, dentals, -Grave 
alveolars: 


Retroflexes, (nasals, 
stops, laterals): +Flat :  Dentals -Flat 


The stop consonants have silence followed by a noise burst in their 
spectrum. So acoustically they are defined as +Abrupt. r is abrupt, 
perhaps because of the presence of a momentary closure (Gujarati r 


is generally one tap r). 


I1.3.52. Retroflex stops. 


The feature opposition Flat/Non-flat attempts to define three types 
of phonemic classes: rounded phonemes, pharyngealized phonemes, and the 
retroflex phonemes. Flattening produced by lip-rounding is the charac- 


teristic of rounded vowels. The pharyngealized (or emphatic) consonants 
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- + - - +t a yeTF-UON/IETA 
ip a ter Ss - - + t+ +o ee oe te aynoy/eaerg 
x a xey/osuo], 
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’ 
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flex and dental consonants, characteristic in particular of various 
languages in India, is another manifestation of the same opposition 
(see Fig. 8): both the contraction of the pharynx and the elongation of 
the resonating cavity take place in producing emphatic as well as retro- 
flex consonants, but for the former the first process, and for the latter 
the second seems to be of greater pertinence.' All of these three share 
one common feature: the flat consonant displays weakening of high 
frequency components. Figure 8 of the above referred book shows that the 
Circassian and Arabic flat consonants affect the second formant of the 
following vowel in a downward direction, while the retroflex consonants 
affect the third formant of the following vowel in the downward direction. 
I think the definition of the retroflex consonants is not very clear, 


and they need to be well defined. For further discussion, see Chapter IV. 


II.3.53. Aspirated stops. 


Jakobson and Halle (1968, p. 441) interpret the aspirated stop con- 
sonants as unit phonemes (e.g. they transcribe /dh/ as /d©/) and consider 
tenseness as one of their distinctive features. We interpret the aspirated 
stops as clusters of two phonemes, one of which is /h/, and define tense- 
ness as its distinctive feature. This is economical. There is, however, 
no discussion in any of Jakobson's writings on the breathy or murmured 
vowels. They are also clusters in our analysis and give no problem in 


distinctive feature theory. 


Out of a stock of twelve permissible dichotomous opoositions 
Gujarati uses nine to define and describe its thirty phonemes as posited 
by us. We have some difficulty with Compact/Diffuse for describing e, E, 


o, 0, and with Grave/Acute for separating a and a fromu, 0, 0. We use 


the features tense/lax and flat/non-flat to do so. Alternatively, at. 18 
also possible to do so by splitting the features Compact/Diffise into 
Compact/Non-compact. This seems to be rather a matter of convenience, as 
there are not convincing reasons for doing so. The problem in using two 
autonomous features is that one common phonetic description has to be used 
to be applied to both. The new acoustic description of Compact/Non- 
compact and Diffuse/Non-diffuse is indicated in Jakobson and Hall (1968, 
p. 430); still, they need to be properly defined articulatorily and 
acoustically. Fischer-Jérgensen (1975, p. 149) considers this to be ‘a 
purely descriptive trick.' 

It would perhaps be a good idea to split up the feature flat/non-flat 


into more than one features: 


Il.3.7. Distinctive features in generative phonology. 


The theory of distinctive features has given significant contribution 
to the development of the structural phonology on one hand, and generative 
phonology on the other. The phoneme and phonemic level are no more 


recognized in generative phonology. The distinctive features are, 
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however, used to describe the phonological segments by + and - matrix, 
i.e. by binary oppositions, On the phonetic level, however, multi- 
dimensional oppositions are permitted. 

Jakobson's +diffuse vowels are +high, +compact vowels are t+tlow, and 
+grave vowels are +back. Moreover, the feature +anterior is used to 
describe the diffuse consonants. The feature +coronal described the 
+anterior consonants with the feature -grave (dentals), while the feature 
-coronal described the anterior consonants having the +grave feature 
(labials). However, the palatal consonants, which are -grave in the dis- 
tinctive feature theory, are considered to be -coronal. The feature 
thigh described palatals and velars; the feature +back will separate velars 
from palatals, which are -back. The velars and palatals are [-anterior, 
-coronal], while the dentals are [+anterior, +coronal], and the labials 
are [t+anterior] and [-coronal]. 

A new feature sonorant/non-sonorant (obstruent) is introduced to 
simplify the definitions of Vocalic/Non-vocalic and Consonantal/Non- 
Consonantal. This is also meant to include vowels, glides, nasals, and 
liquids in one class, i.e. +sonorant, and stops, fricatives, and affri- 


cates into another class. By this arrangement, the glides are: 


+sonorant 
-vocalic 


-consonantal 
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and the liquids are: 


+sonorant 
+vocalic 


+consonantal 


The feature opposition Distributed/Non-distributed is set up to 


describe the retroflex consonants. The dentals are now: 
+anterior 
+distributed 

and the retroflexes are: 


+anterior 


-distributed 


Another feature is added to the system to take care of aspirated 
stops and murmured vowels as phonemes, or we interpret them as made of 
two underlying phonological forms (i.e. stop + h, or vowel + h), we may 
define them by using the features {+ low] and (theightened subglottal pressure 
(cf. Chomsky and Halle, pp. 307 and 321). Note that we have used the 


feature (+tensé) for the same purpose (Table II.7). 


I1.3.81. The feature system of Peter Ladefoged. 


Ladefoged (1971b) proposes a new system of general phonetic features. 
His features are mutli-dimensional on the phonetic level, as they are in 
generative phonology. Also on the systematic phonemic level some features 
are multi-dimensional. He sets up a number of phonetically definable 


steps, and denotes them by relative numbers, 0, 1, 2, etc. The 
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multi-dimensional feature will be specified by these numbers. Take, for 
instance, his feature glottal stricture. It is specified as follows: 

(1) glottal stop, (2) creak, (3) creaky voice, (4) tense (soft) 
voice, (5) voice, (6) lax (slack) voice, (7) murmur, (8) breathy 
voice, (9) voiceless. 

Another feature is voice onset: (1) voicing throughout articula- 
tion, (2) voicing during part of articulation, (3) voicing starts 
immediately after, (4) voicing starts shortly after, (5) voicing starts 
considerably later. 

Ladefoged (1971b, pp. 8, 12-14, 96-97) considers the voiced aspirated 
stops (of Hindi) to be murmured stops. He defines aspiration as 'a brief 
period of voicelessness during and immediately after the release of an 
articulatory stricture'. The voiceless aspirates, according to him, meet 
this requirement, but not the so-called voiced aspirates. They do not 
have normal voicing during their closure and aspiration, but murmur. 

Normal voicing of bh, etc. does not start until the start of next vowel; 
so they should be considered as murmured stops rather than aspirated stops. 
Gujarati stops, if interpreted as unit phonemes, will be specified in 


Ladefoged's feature system as follows: 


ph P B b 

glottal stricture 0 0 1 2 

voice onset 2 1 2 0 
b = bh. 


The number value, which is of course arbitrary and relative in his 
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system, is 2, both for ph and b, as the voicing does not start for b 


until a later stage. 

We have interpreted h as a phoneme and aspirated stops and murmured 
vowels as made up of two phonemes. Ladefoged considers h and glottal 
catch, (?), both as true consonants and not glides. 

Some of the accepted features in Ladefoged's classificatory matrix 
for systematic phonetics are: stop, rate (a ballistic rate is tap), 
laterality, height (i.e. the tongue-height), backness (front, etc.), 
tenseness, apicality, fricative, and articulatory place. It is not quite 
clear how the retroflex consonants will be characterized in his system. 


Perhaps by the following features: stop, apical, post-alveolar. 


CHAPTER III 


ACOUSTIC ANALYSIS OF CLEAR, NASALIZED, AND MURMURED VOWELS 


III.1. General remarks. 


In this chapter and in the following chapter we will give a phonetic 
analysis of some of the peculiar features of Gujarati which were described 
from a phonological point of view in Chapter II. Such an analysis may be 
interesting in itself. Moreover, although it is true that ‘phonemes can- 
not be found in curves' (Fischer-Jérgensen 1957, p. 478), it is also true 
that an instrumental analysis may contribute to the phonetic description 
of phonological features set up in a more intuitive way, and thus contri- 
bute to deciding which features to use in the analysis of given phonemes. 
Compare, for instance, the discussion of the distinctive feature analysis 
of a and a in Chapter it. 

The most characteristic feature of Gujarati vowels is the presence of 
phonologically distinctive nasality and murmur. As for the phonological 
interpretation it was proposed in Chapter II to analyse nasalized vowels 
as vowel + N, and murmured vowels as vowel + h. However, phonetically 
they are unit sounds, and the acoustic analysis given in this chapter must 
be based on this fact. 

This is an abbreviated and revised report on a earlier research pro- 
ject undertaken by me at the Institute of Phonetics, University of 


Copenhagen, Denmark in 1966-67 (see R. Dave 1967, pp. 1-30, and R. Dave 
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1968, pp. 119-127). The main purpose of the project was to undertake a 
comparative formant analysis of clear, nasalized, and murmured vowels. 
The murmured vowels have been investigated in more detail by Fischer- 


Jérgensen (1967. 


II1.2. Informants. 
III.2.11.. Gujarati speakers in Copenhagen. 


It was difficult to find Gujarati speakers in Copenhagen, but it 
was much more difficult to find an informant who had murmured vowels in 
his own dialect as phonemically different from clear vowels. However, SK 
seems to have this feature in his speech. The other two informants had 
murmured vowels as a possible pronunciation of the words in which SK had 
murmured vowels, but in free variation with clear vowels medially, and 


with h + vowel initially and vowel + h finally. 


LIL. hk2'. Bio-data of the informants. 


The bio-data of the informants is as follows: 


Informant Birthplace Year of Birth 
SK Surat, Gujarat 1938 In Copenhagen 1965-66. 
RT Bombay 1941 In Copenhagen since 
1965. 
at ior ta, 1928 In Copenhagen 1965-68; 
mea in USA since 1968; 


writer of the present 
thesis. 
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III.3. The Corpus. 


Two lists were prepared in June. 1966. List 1 contained examples of 
clear and nasalized vowels. This list included words as well as one 
example of each vowel spoken in isolation. List 2 contained examples 
of clear and murmured vowels in words, phrases, and sentences. Isolated 
murmured vowels were not pronounced (see Appendix A for the lists). 

Generally vowels spoken in syllables and words are preferred to 
isolated ones for ‘untrained voices' (Potter and Peterson 1948, p. 531). 
They are considered to be ‘especially advantageous when dealing with lay 
speakers and listeners’ (Potter and Steinberg 1950, p. 809). 


We have already mentioned that e and E, and o and 0 are separate 


phonemes in Gujarati, although they are found in opposition only in 
initial syllables, and not in all dialects (see I11.2.23). Varying de- 
grees of openness for e-E and 0-0 have been noticed by me in the speech 
of my informants. RD has only six vowels in his speech (ie aoud). 
SK and RT have a constant more open vowel in mEk and mk than in the 


other words. No distinction of 0 and 0 was found for these formants. 


Therefore, only e and o have been used in the transcription, except 


for mEk, and mEk. 


III.3.1. List 1: Clear and nasalized vowels. 


Consonants with different places of articulation have different 
'loci!, and they influence the vowel formants in different ways. This has 
been discussed by Potter-Kopp-Green (1947), Fant (1958), Fischer- 


Jgrgensen (1957), and others. Care was taken to select consonants which 
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have a minimum influence on the vowel formants. Generally front vowels, 
particularly close front vowels, show extensive transitions with labials, 
and smaller transitions with dentals, whereas back vowels, particularly 
close back vowels, show extensive transitions in connection with dentals 
and palatals, and smaller transitions with labials. In combination with 
velars the extent of transitions differ from language to language accord- 
ing to the degree of assimilation and the place of articulation. 
Thus, combinations of dental consonants with front vowels, and 

labials with back vowels, have generally been preferred in list 1. When- 


ever this was not possible, h or velar or 1 was selected. 


Til Sets. br8t.2, Clear and murmured vowels. 


It became difficult to follow the above mentioned principle in case 
of murmured vowels. 

It was found to be more important to find such commutable pairs 
whose pronunciation was familiar to the informants. Therefore, I had to 
accept such examples as [dudh], [dud], [dor], [bi], and [bi] with 
strong formant bendings, and words with nasal consonants such as [mek] 
and [mor], which often show a certain degree of nasalization of vowels. 
This explains the great dispersion of the formant frequencies in the 
vowels of list II (see the charts). The fact that [u] of list 2 has a 
clearly higher Fy than [u] of list 1 is due to its position between two 
dentals ([dudh]). See Fig. III.1. It was not possible to find any 
minimal pair of clear and murmured [u]. Therefore, the words [dudh] 
and [dud], which are only variants, had to be included in the text. 


It should be noted that the pronunciation of murmured [u] seemed 


Figure III.1. Spectrograms of dudh, dud, and ug. 


were taken only as specimens. 

The words were pronounced in pairs by RD and SK, but twice in re- 
versed order to counterbalance any effect of intonation. Moreover, they 
were spoken in isolation and in sentences (for the word lists, see 


Appendix I). 


II1.4. Technical details. 


II1I.4.1. Studio. 


The recordings of SK and RD were made in the recording room of the 
Technical High School of Copenhagen, Denmark, in June 1966. The re- 
cordings of RT were made in the studio of the Institute of Phonetics, 
University of Copenhagen, in January 1967. Both studios were reasonably 


anechoic. 


III.4.2. The apparatus. 


Two Lyrec tape-recorders of the professional type were used for the 
tape recording. The recordings were made on Scotch magnetic tape with a 
speed of 7-1/2 inches per second. The acoustic analysis was made on 
the basis of spectrographic recordings. 

The sound spectrograph is one of the basic instruments for acoustic 
analysis of speech. The first sound spectrograph was constructed in the 


Bell Telephone Laboratories. It was made commercially available by the 


tion were made on a Kay ELeECTric SUlagrapie. ANE WUtUd LY Ye titveoes 
gated are played over from the tape to a magnetic disc which can store 
a speech sample of 2.4 seconds' duration. Electrically sensitive paper 
is wrapped around a drum mounted on the disc and rotating with the disc. 

When the disc is rotating the sample is repeated over and over again. 
It is picked up by a scanning head and passed through a band-pass filter 
with movable center frequency onto a stylus which moves upwards and burns 
a signal into the electrically sensitive paper. The vertical movement 
of the stylus is synchronized with the change of center frequency of the 
filter, so that low frequency components of the sample are recorded at 
the bottom of the paper and higher frequency components gradually higher 
up on the paper. 

The graphical picture obtained is called a spectrogram. It shows 
time horizontally and frequency vertically, whereas intensity is indi- 
cated more roughly by the degree of blackness. It is possible to use 
either a "narrow band filter," which is 45 Hz wide producing a display 
in which the single harmonics are seen as horizontal streaks, or a wide 
band filter, which is 300 Hz wide and which records more than one har- 
monic at a time, displaying the regions of stronger energy as horizontal 
black bands (see Fig. III.2). A more accurate display of the intensity 
of the harmonics can be obtained by means of the "sectioner." A "sec- 
tion" gives a display showing frequency versus intensity at a given 


moment. Sections can be taken both with the wide and the narrow filter 


Figure III.2. Spectrograms of bi and bi. 
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bee 


Figure III.2. 


Spectrograms of bi and bi. 
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major peaks of the spectrum are the main correlates of the so-called for- 
mants (see below). The sound spectrograph can be used for measurements 
of duration, of fundamental frequency, and of the frequency pattern (the 
formant pattern) of the sound. By means of a special device it is also 
possible to get a curve of the overall intensity and its change in time. 
The spectrograph used in the present investigation was a Kay Electric 
sonagraph purchased in 1953. This instrument was rather old and worn out; 
its amplitude was insufficient, and its high shaping gavenohigh frequency 
emphasis. Therefore, an extra amplifier with high frequency emphasis. and 
damping of the bass was inserted between the tape recorder and the sona- 
graph. This gave good spectrograms for RD and SK, whose voices had a 
rather strong bass emphasis, but for RT less bass damping would have been 


desirable. We preferred, however, to keep the same setting of the instrument. 


III.4.3. Number of spectrograms. 


Spectrograms were taken of one reading only for each person, or 
when necessary (because of pronunciation with h or without murmur), of 
a corresponding number of words from different readings (this was particu- 
larly the case for RT). From list I the number of samples taken was 
generally between 5 and 9 for each vowel. From list II, the number was 
at least 4-5, and often 8-12. At least three spectrograms were taken of 


each sample: wide band, narrow band, and narrow band section. In all, 
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2274 spectrograms were taken and measured, 


III.4.4, Measurement of the fundamental, 


The fundamental frequency was measured on the section (when possible, 
by dividing by ten the distance between the first and the eleventh har- 
monic). This measurement was primarily intended as a help for the mea- 
surement of formant 1, whose peak frequency can be indicated more exactly 
when the frequency of the harmonics is known. As most of the words were 
spoken with rising intonation, and as the section was not taken at ex- 
actly the same place in different words (generally in the middle), its 


value as an indication of the pitch level is restricted. 


III.4.5. Formant measurements. 


'The lack of definition of a formant remains, and very probably it 
is not possible to provide a single definition which is of use to the 
investigator who is examining spectrographic data,' says Ladefoged 
(1962, p. 40). We have two definitions of the term formant. A formant 
is generally defined as 'a frequency-region of energy concentration in the 
spectrum of a vowel-sound' (see Potter and Steinberg 1950, p. 811). An- 
other definition (see Fant 1961, p. 23-24) refers to the frequency of 
the corresponding vocal resonance. Lindblom (1961, p. 191) also refers 
to the resonance frequency of the vocal tract. But we must remember 
that both Fant and Lindblom point out at the same time that the dif- 
ferences between the peak frequency of the acoustic spectrum envelope and 


the corresponding resonance frequency of the vocal tract are negligible. 


particularly when they are very Close or very 10W (tl tliweT waowo wey 
are often asymmetric), or when they are very weak. 

But in spite of these difficulties, it is true, as Ladefoged (1962, 
p. 39) says that the specification in terms of formants still seems to 
give the simplest and most adequate description of vowels. 

In our investigation, we have determined the formant frequency 
(F-frequency) by its energy maximum. It was determined by a comparison 
between the wide band, the narrow band, and the narrow band section 
spectrograms and was mainly based on the latter two types of spectro- 
gram, whose values were very Close. The peak envelope on the section 


was considered to be the center frequency of the formant. 


TII.5. Results 
III.5.1. Tables. (A.1 - A.7) 


The results of the acoustic measurements are given in form of 
tables and charts. The tables give the formant frequencies: Tables 1-7 
are given in Appendix A. Tables 1-3 show the averages of the F- 
frequencies of clear and nasalized vowels spoken in words (list 1). 

Table 4 shows the measurements of isolated clear and nasalized vowels. 
Tables 5-7 show the averages of the formant frequencies of clear and mur- 
mured vowels (list 2). 


A question mark indicates some doubt as to the location of the 


is left blank when nothing was seen 1M tTNe Spectrustant. — sti sue 
parenthesis to the right of the measurements indicates the number of 


samples on which the average is based. 


III.5.2. Charts. 


The charts are given in Figures 5-22 (pages 73-90): They show 
the frequencies of formant one (Fy) and formant two (Fy) in a two- 
dimensional plot. Charts number 1-3 are prepared from the averages; 
charts 4-6 show F, versus Fy areas of the individual clear and nasalized 
vowels of each informant (list I). 

Each point plotted in the charts of single examples indicates one 
example of each vowel. The scale number on the charts indicate frequency 
in Herz, but the distance between the lines (and, consequently, the 
visual picture) corresponds to the mel scale (cf. Peterson and Barney 
1942, p. 172-184). 

Figures 11-13 show the frequency of formant one and formant two, 
based on the averages. Figures 14-16 show the FL-F, areas for the clear 
vowels of each informant, and Figures 17-19 display the F-F, areas for 
the murmured vowels of each informant. As said above, each dot repre- 
sents one sample of each vowel. When two or more points coincide or are 
very close, they have been put as close as possible to the exact fre- 
quency. See a and i in RD and RT (Figures 17-19). 


Clear and nasalized vowels are generally clearly distinguished in 


III.6. Nasalized vowels compared to clear vowels. 


IIl.6.1. Characteristic features of the nasalized vowels. 


The following features of the nasalized vowels have been observed: 


(1) The Fundamental. Fy is higher for the nasalized vowels in many cases, 
but not always. The average F, for i, u and a of all informants is 

higher than that of their oral counterparts. The value of F for other 
yowels varies from one informant to another. On the whole, the differ- 


ences are small. In RT, however, the differences are clearer. 


(2a) Formants one and two. Almost all investigators of nasalized vowels 
(see, for instance, Fant 1960, pp. 148-149, and Kongsdal Jensen 1967, 

pp. 59-66) have stressed that the major cues for nasalization lie in the 
region of Fy: 'The most pronounced spectral changes occur in the region 
of the first formant...The results of the physical measurements with the 
analog devices strongly suggest that the first formant effects may be 
primary cues for nasality' (House and Stevens 1956, p. 225). 

Looking at the averages of our informants, all have a lower Fy in 
vf than in u, and SK and RT have a slightly lower F, for i. All in- 
formants have considerably higher averages for Fy in the open nasalized 
vowels = and 0, @ and 3, and there is no overlapping between single 


examples except for a and a. 
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House and Stevens (1956, p. 225) mention an upward shift in the 


center frequency of F, for the open nasalized vowels. Lowering of F 


1 
for u has not been mentioned by anybody. It may perhaps be explained 
by a fusion of Fy with the nasal subformant (see discussion on sub- 
formants in (3)). 


Weakening of F, for the open nasalized vowels is evident in the 


1 
spectrograms (see Fig. III.3). This has been said to be the princilal 
cue for nasality by Joos (1948, p. 96), Delattre (1954, pp. 103-109), 
House and Stevens (1956), Smith (1951), and Fant (1960, p. 159). Fy for 
i and u is not affected. 


Generally F, for both e and £ was difficult to measure, but Fy for 


1 


is much weaker and split. Often a harmonic in the area of F, loses its 


mz 


energy halfway. 

Fy for i, E, and 0 is somewhat raised in all informants (this is 
particularly true of i, but all have a lower F, for 3, wu and 4). 

The same investigators, just referred to by us above, and who 


noted the weakening of F, for nasalized vowels, have mentioned a pos- 


A 
sibility of some amplitude reduction also for Fo. As I have not measured 
the intensity, it is not possible to make any statement about this. 

The result of the differences in FL-F, is that the nasal vowels 
occupy more extreme positions in the vowel charts. In order to give a 
clearer graphical illustration of this fact all oral (clear) vowels are 


connected by a full line and all nasalized vowels are connected by a 


broken line in charts 1-3. 


nv 
(2b) Formants three and four. All informants have higher F. for i than 


In 


|o 


nv 
for i. F. for E is also, to a certain extent, higher than F. for 


“nN 


Spectrograms of dal and sa. 


Figure III.3. 
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few exceptions. 


The exact location of F, and Fy sometimes makes difficulties because 


the formants may be split, and there may be extra resonance. Thus, Fy 
for a and 4 gives uncertain measurements (Fig. III.3). 
As appears from the tables, all informants have a relatively lower 


F, in a compared to F, of other vowels. But as a has also a formant at 


4 


the same (higher) frequency as Fy for other vowels, it would have perhaps 


been better to consider the lower F, of a as an extra formant or to con- 


4 


sider Fy as split up into two formants in a. 
Generally, F, is weak for nasalized vowels, and Fy seems to retain 
its energy in many cases. F, is sometimes so weak that it is completely 


nw 
eliminated. This is, however, not often the case for E. The indications 


about F, and F, in the literature are rather confusing. Smith (1951, 


3 4 
p. 22) refers to a resonance between 2500 and 3500 cps. House and 
Stevens (1956) note a double peak in the region of the third formant. 
The possibility of elimination of F. is also mentioned (see Fant 1960, 
p. 155). Smith (1951) mentioned intensification of Fy. Delattre (1954) 


mentions lowering of F,, while I have found it more or less raised. 


4 


(3)  Subformant. The appearance of a subformant (Fo) has been said to 
be a secondary cue for nasality. However, it seems to be a very important 
one. A subformant’ of the open nasalized vowels seems to be at the same 
frequency as the first formant in the nasal conconants, and in the 


v ~_v . 
nasalized vowels i and u. Hattori et. al. (1958, p. 267) believed this 
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to be a 'reinforcement of intensity in the region around 250 cps.' 

In our spectrograms an F. is seen in all open (Fig. III.3) 
nasalized vowels, with a few exceptions, RD has an Be also in his 
clear vowels. But B for the nasalized vowels is generally found be- 
tween 240-300 Hz, whereas F. for the clear vowels is generally between 
190-250 Hz. Thus, F, for the nasalized vowels is generally somewhat 
higher than Fe for the clear vowels. 

It was suggested (in 2a) that the lower Fy of a as compared to u 
might be due to a fusion with the sub-formant. As the subformant has 
a frequency around 240-300 Hz, and as the clear u has a formant around 
300 Hz, the addition of the subformant will lower the energy center, and 
it is difficult to distinguish the first formant from the subformant. 
The 'lowering' is, thus, in a sense an illusion. As for i, it has al- 
ways a lower F than u, Its formant is around 250 Hz and thus coincides 
completely with the subformant, and no change in center frequency 


appears. 


(4) Zeros or anti-resonances. Hattori et al. (1958) mention the 
weakening of intensity at about 500 cps. as a characteristic feature of 
nasalization of the vowels. According to them, it may be due to the 
anti-resonance of the nasal cavity. Joos (1948) points to the presence 
of an anti-resonance at 900 cps. House and Stevens (1956) mention 
the possibility of a subformant around 700-800 cps., depending on the 
amount of damping. 

A valley is seen in the spectrograms of the open nasalized vowels 
in the frequency range of circa 400-500 Hz (in agreement with Hattori 


et al.). A corresponding peak for the clear vowels is, however, not seen 


He us nol ‘possibile: fo drscuss ere: the: problems of Zeros Hand 
band-width, etc., as this was not included in the main purpose of my 


investigation. 


(5) Extra formants. Appearance of extra formants has been mentioned by 
various research workers. Joos (1948) mentions formant In and 1n' above 
Fo and formants 2n and 3n below Fy and Fo, respectively. According to 
Smith (1951), an extra formant often appears at 1000 cps. Such components 
have also been noticed by me. It is not possible, however, to state their 
exact frequency region. Extra formants are generally irregular and in- 
consistent in my informants. However, their general frequency region may 
be said to be in the region of 1000 to 2500 cps., as stated by Hattori 


et al. (1958). More investigations are necessary. 


(6) The following characteristics should be mentioned also in addition 


to those mentioned above: 


(a) Innasalized vowels, increase in the band-width of Fi is also 
noticed by House and Stevens (1956). I have noticed this in some 
cases, but have not been able to see it in all. Fy, for i and a 
does not seem to be affected. E, a, 0 and 3 have slightly in- 


creased band-width of their Fi. 


(b) House and Stevens (1956) mention one more feature of nasaliza - 


tion: reduction in the overall level of the vowel. This has not been 
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investigated by me, 


II1.6.2. Summary of the features. 


The characteristic features of the nasalized vowels may be sum- 


marized as follows: 


(1) There is no constant change in F3 still, there is a tendency 


to have slightly higher E. in the nasalized vowels. 


(2a) # 


ess 


‘i 6, 3 have a higher F, than E, a, O and 9, whereas a 
J cam 1 jal jem otam .— pos 


has a lower Fy than the Fi of u for all informants (see, how- 


ever, III.6.1 (3) above). Nasalized i has a somewhat lower 
Fy than i in SK and RT. 


vw 
Fy for E, a, 6, 3 is weakened; Fy for a is weakened. 


(2b) Higher formants are weakened. F, is more affected than Fy, 


and sometimes eliminated. F, tends to be raised. 


[Vr 


(3) A sub-formant (Fy) in E, 6, @ and appears between 200-300 Hz. 


[or 


a, and 5 between 400-500 hz. 


(4) There seems to be a zero in E 


. 


(5) Small peaks are found at irregular frequencies. 


III.7 Murmured vowels compared to clear vowels. 


III.7.1. Formant frequencies. 


Whereas the nasalized vowels are found to differ clearly from the 


clear vowels in their general formant structure, this is not the case for 


Figures 14-19 the individual examples of clear and murmured vowels are 
plotted separately, and in Figures 11-13 and 20-22 the areas are super- 
imposed on each other, showing complete overlapping. This means that 

the differences between clear and murmured vowels are not due to a change 
in the cavities of the upper vocal tract giving different resonance 
frequencies. In the nasalized vowels such a change was caused by the 
lowering of the velum and consequent coupling of the oral and nasal 
cavities. The difference between clear and murmured vowels must be 


mainly due to changes in the glottis giving a different source spectrum. 


III.7.2. Further characteristics of murmured vowels. 


As the formant frequencies are the same, other methods of investi- 
gation have to be used to discover the differences between clear and mur- 
mured vowels, and this was outside the scope of my project. However, 
some differences in formant intensities can be seen in the spectrograms: 
Formant one (Fy) is often somewhat weakened in murmured vowels (Fig. 


III.4), and Fy seems to be comparatively weaker than F,, i.e. the high 


3 

part of the spectrum is weakened. It can also be seen that the sub- 

formant found in open vowels is somewhat lower than in nasalized vowels. 
A more thorough investigation of murmured vowels based on measure- 


ments of air-flow, duration, fundamental frequency contour, intensity 


contour, and intensity measurements of single harmonics besides 


(ey) 


ll V4 


Figure III.4. 


Spectrog 


of kari and kari 
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spectrographic analysis of more informants has been undertaken by 


Professor Eli Fischer-Jgrgensen (1967). The main results of her investi- 


gation can be summarized as follows: 


(1) Physiologically, murmured vowels are characterized by a strong 
air flow. The increase of air flow compared to that of clear vowels is 
46-110% (depending on the informant). This very stable difference seems 
to be due to the presence of a small opening in the rear part of the 
glottis in murmured vowels. In spite of this opening which must cause a 
less economical utilization of the air flow, murmured vowels have the 
same physical intensity as clear vowels. It may be assumed that they 
have a stronger activity of the expiratory muscles. (No measurements of 
this activity have been taken, but the hypothesis is in agreement with my 


feeling of stronger stress on murmured vowels.) 


(2) Murmured vowels are longer than clear vowels. They start at a 
lower frequency than clear vowels, and there is often a small tone dip at 
the start. But they attain the same frequency at the end, i.e. there 


is a stronger rise. 
(3) There is a slower rise in intensity at the start. 


(4) The fundamental is relatively strong, compared to the second 
harmonic and to formants one, two, and four, but not compared to the 
third harmonic and to formant three. In the wide-band spectrograms 


this shows up as a darkening around the base line (see Fig. III.4). 


(5) There is sometimes a slight weakening of formants 2-4 at the 


start, accompanied by high frequency noise. 
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(6) There may be more damping and asymmetry of the speech wave. 


Not all these characteristics (except no. 1) need be present in 
each single case. The longer duration may be due to the historical origin 
of murmured vowels as a fusion of vowel with h, i.e. it may be a com- 
pensatory lengthening. 

All the other acoustic features can be explained as consequences to 
the first feature, viz. the partly open glottis. 

Some perceptual tests show that the cues which are most important 
for perception seem to be the distribution of spectral energy, the low 


frequency start, and the dip in frequency at the beginning. 
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Figure III.19. RT. Murmured vowels. (List II C-D) 
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CHAPTER IV 


PHONETIC ANALYSIS OF DENTAL AND RETROFLEX CONSONANTS 


Iv.0. Introductory. 


In Chapters I-II it was mentioned that Gujarati has a number of 
retroflex consonants, and it was demonstrated that there is a phonological 
opposition between retroflex and dental consonants. It is, therefore, 
of interest to investigate the phonetic differences between these two 
types of consonants in more detail, particularly since nobody has under- 
taken such an investigation of Gujarati consonants so far, and instrumental 
investigations of retroflex consonants in other languages are rather 
scarce. N. Ramasubramanian and R.B. Thosar (1971) have undertaken a 
palatographic and spectrographic investigation of retroflex consonants of 
Tamil; P. Nihalani (1974) has investigated Sindhi stops by means of 
palatography and X-ray, and K.N. Stevens and S. Blumstein (1975) have 
undertaken a spectrographic study of retroflex consonants in Hindi. How- 
ever, the point of articulation of retroflex consonants varies a good 
deal in different Indic languages, so that no direct conclusions can be 
drawn for Gujarati from these investigations. According to the tradi- 
tional description of retroflex consonants they are pronounced with the 
apex of the tongue curled back to the palatal region; they may, however, 
also be postalveolar. Firth (1950b) says that the retroflex consonants 


in Hindi are not pronounced with curled tongue, but he does not give any 
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PIE RAE FEMS LEAN, | SELENE, AIST TE EG ENT Ee LE Te: 2s, SES EIR. eae 
in two different ways: either with the tip of the tongue curled back, or 
with the body of the tongue constricted and bunched up, with an almost 
identical acoustic effect, viz. a lowering of formant 3. The present 
writer therefore decided to make a palatographic and spectrographic in- 
vestigation of the Gujarati retroflex consonants t d r 1 and n and the 


corresponding dentals td rln. As for the stops the material has been 


restricted to unaspirated types. The investigation was started in 


Copenhagen in 1967 and taken up again in 1977. 


IV.1. The palatographic investigation. 


IV.1.1. Methods of palatography. 


By means of palatography it is possible to locate the place on the 
roof of the mouth which has been touched by the tongue and thus to deter- 
mine the place of articulation. This also allows for some preliminary 
and rough conclusions about the size of the oral cavities responsible for 
the formant structure. 

There are two different palatographic methods: indirect palatography 
and direct palatography. Indirect palatography makes use of an artificial 
palate sprayed with chalk powder which is removed by the tongue at the 
places of contact, whereas direct palatography employs the method of 


painting or spraying the palate or the tongue of the subject. If the 
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palate is painted, the tongue will remove the paint at the places of 
contact. If the tongue is painted, it will put marks of paint on the 
palate at the places where it has touched. Both indirect and direct 
palatography have been used since the seventies of the past century. 

Both methods were first used by dentists, and then by phoneticians. After 
a while, direct palatography went out of use, but it was taken up again 
at the end of the forties at various places, and is now the most commonly 
used method. (For the history of palatography, see Moses (1940) and 
Abercrombie (1957), and for a more detailed discussion of the direct 
palatography, see Witting (1953), Anthony (1954), Ladefoged (1957), and 
Abercrombie (1957).) 

The indirect method, using an articifial palate, has the advantage 
that it can be used to investigate one's own articulation, since the 
artificial palate can be taken out after the pronunciation of each word 
for the purpose of copying the picture, and it can as easily be replaced 
again. Direct palatography, on the other hand, requires a light source 
and a system of mirrors for the purpose of photographing the palate; it 
therefore also requires a helper. Moreover, it is not very agreeable to 
have the tongue painted again and again. The first problem has, however, 
been solved recently by use of the so-called "polaroid dental kit," con- 
sisting of a mirror mounted on a polaroid camera, so that the subject can 
take the pictue himself. The inconvenience of having the tongue or the 
palate painted can, however, not be avoided. 

But the direct method is preferable to the indirect method for 
various reasons: (1) the use ofan artificial palate, however thin it may 


be, changes the shape of the vocal cavity. It is easy to get accustomed 
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to by using it, but in order to obtain the same acoustic result, the 
person may change his articulation slightly. (2) Moreover, it is dif- 
ficult to take the artificial palate out without touching the roof of the 
mouth. .(3) The artificial palate can only cover the hard palate. If 
it goes beyond the limit between the hard and the soft palate it will 

be pushed down when the soft palate is lowered for nasal sounds or for 
respiration. Painting, on the other hand, can be made as far back as 
the subject can tolerate. 

Various techniques have been used for presenting the results of 
palatographic investigations. The most common method is, of course, to 
present photos of the palatograms. But for a more precise description of 
the areas of contact various scholars have suggested to divide the pic- 
ture into zones by means of horizontal and vertical lines. Firth (1950b) 
divided the palatogram into sections by using horizontal and vertical 
lines based on the dentition of the subject. The horizontal lines (''in- 
cisor line", "lateral incisor line", "canine line", etc.) were numbered 
from one to seven, and the areas of contact could be described by refer- 
ence to these lines. Witting (1953) also refers to the teeth, but for 
measurements he uses a glass plate with milimeter divisions. Russell 
(1928, pp. 335-337) divided the palatogram by dots putting them 1 centi- 
meter apart. 

Since photographs and diagrams of the palate generally give a two- 
dimensional picture, indicating length and width but not depth, Ladefoged 
(1957) has suggested to accompany each palatogram by a sagittal section of 
the palate, obtained by sawing along the mid line of a cast of the mouth 


roof. He further uses the method of drawing contour lines with a fixed 
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vertical distance. Such methods make it easier to draw conclusions about 
the size of the cavities on the basis of palatograms. 

In more recent times the indirect method of palatography has been 
taken up again in the form of dynamic palatography. This method uses an 
artificial palate with a number of embedded electrodes. There may be up 
to 64 such electrodes. They are connected to a computer via thin wires 
coming out of the corners of the subject's mouth. When the tongue touches 
the palate it shortcircuits pairs of electrodes, and each pulse is re- 
corded by means of the computer at short time intervals, showing movements 
of the tongue. (see, e.g., Palmer (1972), Fuji et al. (1971), and 


Hardcastle (1968 and 1972). 


IV.1.2. The method used. 


For the present investigation, the dynamic palatographic method would 
have been very adequate, particularly for the flapped retroflex sounds. 
But the present writer did not have access to this instrumentation. The 
method used was a more traditional, direct method. The tongue of the sub- 
ject was painted with a mixture of charcoal, chocolate, water, and liquid 
glue. The subject takes care not to close his mouth before pronouncing 
the word to be investigated. Immediately after having pronounced the 
word he moves his head forward, so that an oblique mirror mounted on a 
frame is inserted into his mouth as far back as possible. The frame also 
contains a light source and some reflecting mirrors, directing the light 
into the mouth, and a camera. A picture is taken by a helper. The 
picture may be slightly distorted if the mirror is not at right angles to 


the palate. 
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A normal means of presentation would have been to make paper copies 
of the photos. Instead, a somewhat different procedure was used: A 
photo was taken of a cast of the palate; it was then developed in natural 
size. A number of horizontal and vertical lines were drawn on this photo 
at a distance of 5 mm. This type of reference lines were preferred to 
reference lines based on the teeth, because it is the absolute size of 
the cavity which is of importance for the acoustic output, and also be- 
cause subjects may have defective dentition, and therefore reference lines 
based on the dentition are not so easily comparable from one subject to 
the other. The picture of the palate with the reference lines was then 
produced in a great number of copies, and the areas of contact were drawn 
on these copies by inserting the negative film in a projector and project- 
ing the pictures onto the diagram of the palate. This drawing can be done 
with great precision and it combines the advantage of being cheaper than 
photographic copies with the advantage of having reference lines on each 
picture. No attempt was made to add the vertical dimension. 

Fig. IV.1 shows this schematic drawing of the palate with the lines 
numbered from 0 to 10. The center of the alveolar ridge is just slightly 
above line number 2, the highest point of the palate is reached at line 5 
which is considered to be the approximate dividing line between the pre- 
and post-palatal regions. The boundary between the hard and the soft 
palate is approximately at line 10. Fig. IV.1 is given here for a 
general reference to all palatograms given in IV. Note that the left 


side of the palate is to the right on the paper and vice versa. 


Figure IV.1. 
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Schematic drawing of the palate with numbered lines. 
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Iv.1.3. The material. 


Appendix C contains the word lists used for the investigation of 
consonants. Palatograms were taken from lists I-III, Ila, Illa, and VIIa. 
List I was a preliminary list containing dental and retroflex consonants 
in medial position in the environment a-o or a-i, and in final position. 
The initial consonant was p. List II is the main list. It includes words 
with dental and retroflex consonants occurring in initial, medial, and 
final position. However, as the retroflex consonants r, 1 and n do not 
occur initially in Gujarati, the list contains these eorennante: tt medial 
and final position only. In this list care has been taken to use words 
in which only the sound under investigation has contact between the 
tongue and the palate. For this purpose, the vowel a has been chosen both 
as preceding and following vowel. a is a central, low vowel in Gujarati, 
and it generally does not have contact with the palate; in any case, the 
contact is so far back that it does not interfere with dental and retro- 
flex consonants. All consonants, except those to be investigated, are 
labials. 

However, it may also be of interest to see whether the place of 
articulation is influenced by the surrounding vowels. For this purpose 
list III (with the vowel i) and list VIIa (containing a few words with u) 
were used. The vowels u and i have contact between tongue and palate 
at the sides but not in the middle, and it is therefore possible to see 
whether there is any difference between consonants in a-, u-, and i-sur- 
roundings around the mid line of the palate. List Ila and list IIIa con- 


taining velars were added for the purpose of comparing retroflex and 


velar consonants. 
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Iv.1.4. Subject. 


The present author (RD) acted as his own informant (see III.2.1 for 


bio-data). 


Iv.1.5. Number of palatograms. 


Generally 4 to 5 palatograms have been taken with the vowel a in all 
positions, i.e. before and after a, and intervocally between two a's. In 


the environment of the vowels o, i, and u-u, the number is between 2 and 3. 


IV.1.6. Results. 


Figs. IV.2-55 show tracings of palatograms. The hatched area indi- 
cates a typical case, whereas the dotted lines indicate a different ex- 
ample, in principle a rather extreme case and thus giving a rough idea of 
the degree of variation. In the following, the typical case is referred 


to as a, the atypical as b. 


IV.1.61 The dental stops. 


Palatograms of the voiceless and voiced dental stops together with 
the retroflex stops are given in Figs. 2-21. Figs. 2-13 show stops in con- 
nection with the vowel a. The contact area for the tongue is the dental 
region and the foremost part of the alveolar region. The front teeth are 
almost covered. The contact area generally goes back from line number 
zero to line number 2 and, in a few cases, to line number 3, which in- 


dicates the end of the alveolar region. 
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The area covered by the tongue in the articulation of d does not 
differ significantly from the area covered by t. On the average, however, 
d covers a slightly narrower area than t, but the difference is very 
small. Sometimes, there is no difference at all. Compare, for instance, 
the palatograms of pat and vad (Fig. IV.6a,, 1V.12b). Thus the fortis t does 
not always cover more area than the lenis d.) 

As the contact area is predominantly dental, t and d may be described 
in articulatory terms as apical dental stops. 

The palatograms of t and d in the environment of the front and back 
vowels i and u show that the environment does not have any influence on the 


articulation of dental consonants (See Figs. IV.14-21). 


IV.1.62. The retroflex stops. 


The palatograms of the retroflex consonants are presented adjacent to 
the palatograms of the dental stops, so that they can be easily compared. 
As mentioned in IV.0, the retroflex stops are traditionally defined as 
stops articulated with the apex of the tongue curled back and touching 
the hard palate. As both the upper and lower surface of the tongue had 
been painted and could have put marks on the palate, it cannot be decided 
directly on the basis of the palatograms whether the tongue was curled 
back or not, but the fact that sometimes the tongue has touched farther 
back in the middle than at the sides seems to indicate that it was curled 
back, and I have a very clear feeling that I do curl my tongue back; it 
can also be observed in a mirror. 

The tongue contact is with the hard palate, generally between lines 


3 to 6, or 3 to 6.5. Sometimes the contact goes as far back as the lines 
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AEA 
ee 


7a 
mi, 
TTS 


Zao 


vy 
SP 


Figure IV.4ab. mata 


Figure IV.5ab. pata 


Figures IV.2ab-5ab. Palatograms of tap, tapu, mata, and pata. 


Figure IV.8ab. dab 


Figure IV.9ab. daba 


Figures IV.6ab-9ab. Palatograms of pat, at, dab, and daba. 


Figure IV.12a. pad 


Figure IV.1l3ab. ad 


Figures IV.10ab-13ab. Palatograms of mada, pada, pad, and ad, 


Ze, CLE ey 
7 -"D 


Figure IV.17. idar 


Figure IV.16. sidi 


Figures IV.14-17. Palatograms of iti, piti, sidi, and idar. 
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Figure IV.20. bhodu Figure IV.21. udtt 


Figures IV.18-21. Palatograms of hututu, nott, bhodu, and udu. 
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7 or 8 (see Fig. IV. 3a, 5a, 9a). 
The tongue seems to have contact with a larger area of the palate in 


the articulation of intervocalic t than ind. See, for instance, pata 


(Fig. IV.5a), and pada (Fig. IV.lla), In the initial position, how- 


ever, the difference is very small or non-existent. 

As we have seen in the previous section, the vocalic environment does 
not influence the articulation of dental stops. The retroflex stops, on 
the other hand, seem to be more or less influenced. t and d are slightly 


more fronted with the front vowel i than with the central vowel a or the 


back vowel u. Compare the palatograms of piti (Fig. IV.15) with pata 


(Fig. IV.5) and motu (Fig. IV.19), and similarly ider (Fig. IV.17) with 


pada (Fig. IV.11) and udu (Fig. IV.21), but retroflex and dental con- 


sonants are still clearly distinguished (see Figs. IV.14-21). 

The articulatory difference between the dental and retroflex stops 
is clear. Their position of articulation is quite different. Similarly, 
the manner of their articulation is also different. Moreover, the retro- 


flex stops cover more area of the palate than the dental stops. 


IV.1.63. Consonant r. 


The articulatory contact for r with the vowels a and i is generally 
in the alveolar region. The apex of the tongue, however, covers a very 
narrow area of the alveolar ridge, approximately 5 millimeters (see 
Figs. IV.22a, Iv.24a, IV.24b, IV.27a.). The tongue contact is generally 
in the area of line number 2. 

Some palatograms also show contact with the dental region. For in- 


stance, the word rab (Fig. IV.26a) shows marks of the tongue on the front 
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teeth. Fig. IV.27b of the word paro shows a purely dental r. 

There are also other variations of r. Sometimes no closure is seen 
in the palatograms (see Fig. IV. 22b, IV.26b, and IV.28 for mara, rab, 
and Omiri, respectively). The dental r and the frictionless r, however, 
should be considered only to be free alternants of the most frequent 


alveolar r. 


IV.1.64. The retroflex flapped r. 


The palatograms of r with the vowels a and i have been placed on 


the same page as those of x for comparison (see Figs. IV.22-29). As has 
been said earlier, Yr, 1, and n occur in the medial and final positions 
only. a 7 

The place of articulation for r is the hard palate. The tongue seems 
to have been curled back obliquely e the left side of the hard palate. 
The contact area is generally found between the lines 2 to 5, and some- 


times between the lines 2 to 6. 


The palatogram of the word biri (Fig. IV.29) is different from the 


other palatograms in two ways: it does not show the oblique contact of 
the tongue, and there is no complete closure, but a lateral opening at 
the right side. Such cases are rare. 

It should be noted that r in biri, although having a lateral opening, 


is quite different from the retroflex 1 in the context of a (cf., for in- 


stance, pal in Fig. IV.35a.) and i (cf. pili in Fig. IV.37). 


The palatograms taken by me do not show any effect of the front 


vowel i or r or r (except for the fact that the contact at the left side 


seems to be slightly more advanced in amiri). r and r are quite distinct 


108 


Figure IV.24ab. par Figure IV.25ab. phar 


Figure IV.22ab-25ab. Palatograms of mara, phara, par, and phar. 


Figure IV.28. amiri Figure IV.29. 


Figure IV.26ab-29ab. Palatograms of rab, paro, amiri, 


biri 


and biri. 


from each other in the palatograms. 


IV.1.65. The dental 1. 


The closure for 1 is, in most cases, in the denti-alveolar region. 
The apex of the tongue touches the alveolar ridge and part of the front 
teeth (see labh and pal in Fig. IV.30, and Fig. IV.34b). Sometimes, the 
contact is only with the alveolar ridge, e.g. pala (Fig. IV.3lb). Also, 
the front teeth are covered at times: see pala (Fig. IV.3la). 

Generally no lateral opening is seen, except in a few cases. See, 
for instance, pala (Fig. IV.3lb). Perhaps the opening for others is in 
the region of the velum. In case of pala, the opening is somewhat to 
the left behind the front teeth. 

The area of the palate covered by the tongue is generally between 
lines zero to line 1, but sometimes very narrow area is covered below line 
number 1 (see pala, Fig. IV.3la). 

1 seems to be more fronted in the environment of the vowel i; see 
pili (Fig. IV.36). 1 differs from the dental stops mainly because of its 
laterality, and also because of its being articulated at a slightly more 
retracted place in the dental-alveolar region. The stops generally cover 
the front teeth. 1 is also different from r, which is still more retracted 
than 1. Also in other languages r is generally alveolar. It seems to be 


difficult to produce a purely dental trill or flap. 


IV.1.66. The retroflex flapped 1. 


Retroflex 1 has a very characteristic articulation, at least in my 
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speech. As the palatograms indicate, the articulation is retroflex. The 
tongue contact is with the hard palate. the intervocalic 1 has generally 


opening at both sides (see Fig. IV.3a, bala, Fig. IV.33a, palo). Mostly 


the major opening is to the left side. Like r, 1 also shows a some- 


what oblique contact going to the left. In final position, 1 is 


generally unilateral (see Fig. IV.35a), except in one sample of the word 


al (Fig. IV.35b) which shows a bilateral opening. The palatogram of 1 


in the word al is, however, quite different from the palatograms of 1 in 


other words. 


The contact area for 1 is between lines 2 and 7-8, and it sometimes 


goes beyond line 8 (see Fig. IV.32a, bala). The final 1 generally covers 


a smaller area, that is, between lines 2 and 5. 


1 seems to be quite different in the palatogram of the word pili 


(Fig. IV.37). It shows only a slight contact with the pre-palatal re- 


gion. (The contacts at the sides are due to the vowel.) The opening is 
at the right side. It is also rather fronted. My data is, however, not 


exhaustive. 


Ramasubramaniam et al. (1971) describe the Tamil t, d, n, and 1 


as medio-palatal retroflex consonants. The palatograms of Gujarati t and 


d look very similar to t and d of Tamil. The contact for t andd in 


Gujarati goes, however, many times beyond the mid-palatal region. Gujarati 


1 and n are different from the Tamil 1 and n by being flapped. Also their 


contact area mostly goes beyond the mid-palatal region (see section 


IV.1.68 for the discussion on Gujarati n). 


Liz 


Figure IV.32ab. bala 


Figure IV.33ab. palo 


Figure IV.30-33ab. Palatograms of labh, pala, bala and palo. 


Figure IV.36. pili 


Figure IV.34ab-37. Palatograms of pal, al, pal, al, pili, and pili. 
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IV.1.67. The dental n. 


The palatograms of n show a rather large variation, both as regards 
the place of articulation and the size of the contact area. The place of 
articulation may be dental, denti-alveolar, or alveolar, perhaps it is 
most often denti-alveolar. As nasality does not show up in palatograms, 
n may look verysimilar to the dental stops or to r and 1. When alveolar, 
it resembles r, when denti-alveolar or dental, it looks more like 1 and 


the dental stops. 


IV.1.68. The retroflex flapped n. 


The tongue contact is in the palatal region, approximately in the area 


between lines 2 and 8, sometimes from 2 to 6 (Fig. IV.43b, an), or even 


to 4 (Fig. 1V.34, ophini). Many times the contact is far backward at the 


hard palate beyond line number 8, and in some cases the n has bilateral 


opening like 1 (see pana, Fig. IV.40 and IV.41). The retroflexed tip of 


the tongue comes back to its normal position very swiftly, passing through 
the palatal region, generally without touching the alveolar or dental 
zone. At times, however, it touches the alveolar region, for instance, 


pana, or ban (Fig. IV.4la, IV.43a). 


On the whole, the flapped consonants r, n, 1, and particularly n and 


1 seem to be produced with some constriction of the tongue and with a 


swift movement of the tongue tip, so that the contact is often rather weak. 


In several palatograms (cf. pana, Fig. IV.4la, ban, Fig. IV.43a, 


an, Fig. IV.43b), n is slanting to the left side. 


b. nam 


Figure IV.40ab. pana Figure IV.4lab. pana 


Figure IV.38ab-4lab. Palatograms of nabhi, nam, mana, and pana. 
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| 


Figure IV.43ab. a. ban 


Figure IV.42ab. a. an 


Figure IV.44. mini 


Figure IV.45. aphini 


Figure IV.42ab-45. Palatograms of an, ban, ban, an, mini, and aphini. 
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The articulation of n is influenced by the phonetic environment. 


It is more fronted in the context with i (see 9phini, Fig. 1V..45).. 


IV.1.69. The velar stops (see Figs. IV.46a-IV. 54, pp. 100-102). 


Some velar stops have been investigated for comparison. 

The contact area for the velar stops is in the velar region. Some- 
times there is a slight contact in the region of the hard palate. 
Generally both k and g show contact beyond the area of line number 10 
(see Fig. IV.1). It will be clear from the palatograms that g is some- 
what more fronted than k, and it also covers a somewhat larger area of 
the palate. 

Both k and g are more fronted in the environment of the front vowel 
i, showing contact with the hard palate (see kiki and gagi in Fig. 
IV.53-IV.54). Nihalani (1974) notes a similar influence of the vowel i 


on the Sindhi velar stops. 


Figure IV.54. Palatogram of kuku. 


120 


121 


IV.2. Acoustic investigation. 


IV.2.1. Introduction. 


Since Potter, Kopp and Green's book "'Visable Speech" (1947) it has 
been known that consonants do not only have an acoustic pattern which is 
characteristic of the consonant segment proper, they also influence the 
acoustic pattern of neighbouring vowels, so that the part of the vowel 
adjacent to the consonant shows characteristic formant movements 

generally called "'transitions"). 

In a long series of papers published by the Haskins Group it has been 
shown that these transitions may be very important for the perceptual 
identification of the consonant, and that this is particularly true for 
stops and nasals. Stops may, in fact, in some cases be synthesized (and 
identified) either by means of bursts alone or by means of vowel transi- 
tions alone, although bursts and transitions are not equally good cues 
in combination with all vowels. 

As for the stop bursts, it was shown by perceptual tests based on 
synthetic stimuli that bursts which are on a level with or slightly 
above the second formant of the vowel are heard as velars. Other bursts 
are heard as dentals (or alveolars) if their frequencies are above 
approximately 3000 Hz, otherwise as labials (Cooper et al. 1952). The 
perceptual importance of the transitions of formant 1 and 2 was demon- 
strated in 1952 (see e.g. Cooper et al.), whereas the importance of formant 
3 transitions was demonstrated in some later articles (see Harris et al. 


1958, and H.S. Hoffman 1958). It was found that F, transitions mainly 


1 


indicate manner of articulation (a lower start is a cue for voicing), 
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whereas the transitions of higher formants indicate place of 

articulation. In the first experiments it was shown that vowels starting 
with a rising F, were heard as labial stop + vowel, and vowels with a 
falling Fy as dental or velar stop + vowel with the distribution that a 
steep fall favoured t-d judgements before u o O, and k-g judgements before 
ie £, whereas a slight fall had the opposite result. A falling F, was 
found to favour the preception of dentals, whereas labials and par- 
ticularly velars required a rising F,. These transitions are caused by 
the changes in cavity resonances which take place when the articulators 


move from the consonant to the vowel position and vice versa, therefore 


consonants articulated at the same place (i.e. p,b,m, or t,d,n, or k,g 7) 


produce the same transitions and, if the initial and the final consonant 
in a CVC syllable are the same, the transitions will normally be sym- 
metric. Fig. IV.55 gives a schematic picture of the first three vowel 


formants in the syllable gag (cp., e.g., Potter, Kopp, Green 1947, p. 102) . 


Figure IV.55. Schematic picture of vowel formants. 


Zs 


If the formant movement is described in the time dimension, F will be 
designated as rising after g and falling before g, but this formulation 

is slightly misleading because it does not bring out the fact that the 
rise and fall are two aspects of the same fact, namely that the first 
formant of A is lowered by a neighbouring g. The direction of the transi- 
tion is therefore now generally described as seen from the steady state 
part of the vowel, and transitions having a downward direction are called 
negative, whereas those that have an upward direction are called positive. 
Fy and F. of A are thus said to have negative transitions in combination 
with g, whereas Fy has positive transitions in this position. 

This formulation is more general than the formulation about "rising" 
and "falling" transitions, but it is not sufficiently general, since it 
does not cover all vowels. F, of u will, for instance, have a positive 
transition in combination with d, whereas, Fy of i will have a negative 
transition, and what matters is not really the direction of the transition 
put the fact that it points to a definite consonant resonance. If this 
resonance is lower than the steady State vowel formant the transition will be 
negative, if it is higher it will be positive, cf. Fig. IV.56 showing the 


direction of Fy transitions of different vowels after d: 


Pi 
ec oP mM A 


Figure IV.56. Schematic F,-transitions after d. 
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Potter, Kopp and Green (1947) already emphasized this aspect, 
talking about the "hub" of 2 consonant , defined as ats visible or 
hidden resonance, put the idea was developed further by the Haskins 
group in the form of the "Jocus" concept (see Delattre et al. 1955). The 
locus is 4 point at the frequency scale to which the transitions of the 
different vowels point. The formant 2 locus was found to be at 1800 Hz 
for dentals, 3000 for velars, and 720 for jabials (Delattre et al. 1955). 
It is emphasized that the transitions do not start at the locus, they 
only point to the locus, which can be found by extrapolation of the transi- 
tions (see the dotted lines in Fig- Iv.56)- This was no doubt an over~ 
simplification. Various scholars have emphasized that only dental con- 
sonants can be expected to have 4 fixed resonance. In the case of labials 
and velars there may be different degrees of coarticulation which will 
give a variable consonant resonance; for instance, the tongue may antici- 
pate the position of the following yowel during 4 jabial consonant; 
the point of articulation of a velar may be influenced by the following 
yowel, and the lips may pe rounded in anticipation of a following vowel 
and thus lower the resonance of the consonant (see, e.g., Eli Fischer- 
JI¢rgensen 1954 and 1957, Stevens and House 1956, and Ohman 1966). The 
Haskins group also had difficulties with the velar locus. The locus at 
3000 Hz functioned for front yowels only, not for back rounded vowels. 
In his answer to the critics Delattre stressed that the locus was not 
meant to indicate the resonances of consonants (or convergence points of 
transitions) in actual speech. This resonance is modified by coarti- 
culation. In the case of back rounded yowels after yelars the transi- 


tions do not point to the locus. The locus is defined as the frequency 
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towards which the formant transitions must point in order to contribute 
maximally to the perception of a given place of articulation (Delattre 
1969). It thus becomes a rather abstract concept- 

More recently it has been emphasized by K.N. Stevens and by Gunnar 
Fant that bursts and transitions should not be described as separate cues, 
put as a single integrated auditory stimulus (Fant 1968, P- 258, Stevens 
(1973, P- 160), and Stevens et al. (1976), and that the first 20 ms after 
release of a stop consonant are most important for perception. 

A good deal of perceptual investigations of stops and nasals, and 
some on liquids have been published during the last twenty years. Papers 
based on acoustic analysis of real speech have been less in number. We 
are, however, pretty well informed about the acoustic properties of labial, 
alveolar (and dental) and velar consonants, whereas little has been pub- 
lished on retroflex consonants, except for the retroflex American x and 
American yowels with retroflex modification, which are generally known to 
be characterized by a low Fz. 

Jakobson, Fant, Halle (1952, P- 49) reproduce a spectrogram of 
Bengali s with the comment that "the retroflex consonant has energy in a 
rower frequency region and affects the third formant of the following vowel 
jn a downward direction." 

Fant (1968, P- 239) remarks very priefly that in retroflex modifica- 
tion with alveolar point of articulation Fy is low and close to Fz, 
whereas with palatal point of articulation F, is low and close to Fo 

Ramasubramanian and Thosar (1971) have analysed a restricted number 
of Tamil retroflex t, 1 and 1. They give formant values for the steady 


state of n and 1 @ Fy 280, F, 1400, and F. 2400; 1 Fy 280, Fy 1450, 
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and F, 1600), but they do not indicate the transitions. They have 
furthermore tried to synthesize retroflex consonants with 3 formants in 
combination with i, u, and a including transitions, and arrive at some 
values for the loci. But their tables contain various mistakes or mis- 
prints and are therefore somewhat difficult to judge. A main result is, 
however, that F, is rather close to Fo. 

A very important contribution to the acoustic description of retro- 
flex stop consonants has been given by K.N. Stevens and S. Blumstein 
(1975). They show spectrograms of the syllable ata spoken by three Hindi 
speakers. There is an initial burst of 2700-3000 Hz associated with F, or 
Fy of the following vowel. Fy has a positive transition, and F, anegative: 
transition in the preceding vowel and sometimes in the following vowel. 
Evidence for a lowered Fy has also been found in some cases in either 
the preceding or the following vowel. The corresponding dental stop has a 
somewhat higher burst and no negative transition of F,. Moreover, an eX- 
tensive perceptual test has been made using stimuli changing in 13 steps 
from a dental consonant via a retroflex consonant to a velar consonant. 
The first stimuli varies in the start of F, and in the frequency of the 
burst, which were both gradually lowered, the last stimuli in the frequency 
of the burst only. The perceptual limit between dental and retroflex con- 
sonant turned out to be approximately at the point where PF, changes from 
positive to negative transition, and the limit between retroflex and 


velar consonants at the point when the purst comes close to F3. We will 


return to the theoretical parts of the paper at the end of this chapter. 
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IV.2.2. Informants. 


The informants of the present study were RD and RT (for their data, 
see III.2.1). RD is the main informant. For RT a somewhat smaller num- 
ber of spectrograms were taken, and only stops in intiial position have 
been measured, but the spectrograms of stops in other positions and of 
nasals and liquids have been inspected visually and compared with the 


results for RD. 


Iv.2.3. The material. 


The word lists used are given in Appendix © . All lists (1-1X) 
were used for spectrographic analysis. Lists II and IIIa contain velar 
consonants, the others dental and retroflex consonants (nasals, liquids, 
and unaspirated stops). List I is a preliminary list. List II is the 
main list; it contains dental and retroflex consonants in all positions 
in combination with the vowel a. Lists II-VII contain the same consonants 
in combination with other vowels, but in intervocalic position only. 
Lists I-VII were spoken by both informants in Copenhagen in 1967. Lists 
II, III, and VII were spoken again by RD in Copenhagen in 1977. Lists 
Ila, IIIa, Vila, and IX were added in Copenhagen in 1977 and spoken by RD 
only. List VIII was recorded in Cornell University by RD. A list with 
VCV syllables was also spoken by RD in Copenhagen in 1977, but only a 
few words from this list were utilized. Lists VIII and IX consist of non- 
sense syllables, the other lists contain real words. 

Spectrograms were taken of one reading of each list (but for Lists 


II, III, and VII both the 1967 and 1977 readings were analysed). Lists 
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VIII and IX (which were added in 1977) contain only initial stop 
consonants. There is thus 4 larger number of examples with initial stops 
than with stops in other positions, and with nasals and liquids. The 
reason is that it was difficult to see 4 clear difference between den- 
tal and retroflex consonants in initial position, so that more examples 
were considered necessary. List VIII was recorded specifically for the 


investigation of bursts. 


Iv.2.4. Methods of analysis: 


Methods 0% “=—-—— 


The material was recorded on 4 professional tape recorder in a sound 
treated room, and the whole material was used for spectrographic analysis. 

The spectrographic method has been explained in details in chapter 
11.4.2. The spectrographic investigation of the consonants was under- 
taken in the Institute of Phonetics of the University of Copenhagen. 
Spectrograms of the material recorded in 1967 were taken in 1967-68, 
using a new Kay Electric Sonagraph which was considerably better than the 
old one used for the analysis of yowels. The material recorded in 1977 
was analysed by means of another Kay Electric Sonagraph which had just 
been purchased. It was not yet working quite satisfactorily: in particular, 
the base line was too dark and interfered with the picture of Fy of high 
yowels in wide band spectrograms. The jllustrations have, therefore, been 
taken mainly from the 1967 recording. 

As a rule both wide band and narrow pand spectrograms were taken of 
each word. Very often two or three wide pand spectrograms with different 
intensity and different degrees of compression were taken in order to get 


a clear picture of both formants and bursts in stop consonants. 
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The spectrograms were used for the measurement of formant transitions. 
In order to specify the transitions both the frequency of the steady 
state vowel formants and the end points of the transitions were measured 
together with the duration of the transition. This latter measure is not 
very exact since the boundary line between transition and steady state 
is rather arbitrary in many cases. Averages of the transition durations 
are therefore not given in the tables, but the measurements have been 
used for the statement of clear differences in transition length (e-8- the 
rather brief transition of Fy) and for the drawing of schematic spectro- 
grams. 

A rough analysis of the bursts was also undertaken on the basis of 
wide band spectrograms - A more exact analysis might have been undertaken 
by means of sections, put that would have required segmentation of burst 
and vowel (electrically or by tape cutting) » which would have taken much 
time. Instead acoustic analysis of the bursts and the start of the 
vowel was undertaken in the laboratory of Professor K.N. Stevens at MIT, 
based on 4 computer directed linear prediction analysis. This was done 
with the help of Professor Stevens. 

A detailed technical description of the computer program is given in 
v.W. Zue (1976). It is based on @ speech production model containing 4 
source and an all-pole filter representing the combined effect of the 
glottal source, the vocal tract resonances, and radiation losses: The 
zeros found in nasal consonants can be approximated by means of poles. BY 
means of linear prediction (in this case using a form of autocorrela- 
tion analysis) 4 best fit is found between the incoming signal and the 


smoothed curves generated by the computer. The frequency band analysed 
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is restricted to 5000 Hz, because most of the interesting characteristics 
of the speech wave are found below 5000 Hz, and because 4 filter includ- 
ing higher frequencies would give various complications. The time window 
was 25.6 ms wide. It is symmetric and has 2 smooth pell-like shape which 
means that signals found at the sides are recorded with decreasing in- 
tensity. Because of this shape the effective width of the window is 
somewhat narrower. See Fig- IV.57, which is 4 sketch drawn by Professor 


Stevens (Personal Communication) - 


Window centered at QO ms. 5 ms. 10 ms. 


ms. 


Figure IV.57- Sketch of the windows used in the 
linear prediction analysis (K. Stevens) - 
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The window can be moved in steps of 5 ms. The first point, designated 
as zero, is placed in such a way that the top of the window is at the 
start of the burst. If the distance from burst to vowel is less than 
half the window, i.e. 12.8 ms. as in this picture, the spectrum will also 
be somewhat influenced by the start of the vowel formants, and the spectra 
taken at the following two points (5 and 10 ms) will also be influenced 
by both burst and vowel, put increasingly by the vowel formants. If 
the distance is more than 12.8 ms, it is possible to get a separate 
spectrum of the burst. A hard copy reproduction of the curves can be 
made, either one curve at a time (as in Fig. IV.58a), or curves from a 
number of consecutive points together, as in Fig. IV.58b. In Fig. IV.58b 
it can be seen that the first two curves (taken at points 0 and 5) have 
a maximum around 1300 Hz due to the burst, whereas the last (point 10) 
has a maximum of 550 Hz. corresponsing to the first formant of o. 

By this method a number of consonants in initial position have been 
analysed, namely the stops of lists II-VII spoken by RD and RT, and 
list VIII spoken by RD. In most cases points 0, 5, and 10 have been re- 
corded together. The main purpose was to find the relevant differences 
between the bursts in dental and retroflex stops. However, due to the 
length of the time window the zero curve will only indicate the burst 
alone in voiceless stops where the distance between burst and vowel is 
sufficiently large. (In some cases of retroflex stops, there will be a 
slight influence from the vowel formants because the distance is some- 
what shorter in these stops than in the dental stops, see IV.2.52). As 
for the voiced stops, the curve at point zero will always comprise both 


burst and vowel start. Therefore only the curves of voiceless stops have 
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Figure IV.58a. Linear prediction analysis of te at point 0 (RD). 
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Linear prediction analysis of to (in roto) at 


Figure IV.58b. 
points 0, 5, and 10 (RD). 
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been utilized for this purpose. (For the purpose of Professor Stevens, 
this difficulty is not so important pecause he is mainly interested in 
seeing the integrated effect of purst and vowel start.) 

Moreover ; the curves taken at point 10 (or sometimes 15) have been 
compared with the spectrographic measurements of the start of the transi- 
tion. The agreement is quite good except for the first formant of the 
high vowels i and u, for which the linear prediction analysis often gives 
much higher frequencies. For instance, by the spectrographic analysis 
the first formant of these vowels was found to have 4 frequency around 300 
Hz, whereas the frequency according to the linear prediction analysis is 
often 400 Hz. This may partly be due to the fact that spectrographic 
measurements are based on peaks in the acoustic curve, whereas the linear 
prediction analysis is pased on a theory of poles in the vocal tract. 
This may give some differences in the results for very low formants. There 
may, perhaps, also be mistakes in the linear prediction curves, for an 
Fy of 400 Hz for i seems to be too close to the Fy of e, which is gener- 
ally 450-500 Hz, corresponding to the results of the spectrographic 
anslysis: There are also some differences jn formant 4 and the higher 
peaks of the bursts. Generally the values obtained by the spectrographic 
method sre somewhat higher. 

However, the measurement of formant 4 was particularly difficult be- 
cause there are cases of split formants or weakened formants. Generally 
RD has @ formant 4 around 3700 Hz and a formant 5 around 4200 Hz, and in 
some cases of a and o also a (weaker) formant around 3100 Hz. F, is 
often too weak to show up in the spectrograms » and this also happens to 


Fy and sometimes 4% is difficult to decide which one it is, particularly 


134 


since they may all be lowered in rounded yowels, or veTy weak, Or missing 
in those vowels. Moreover, it is not always evident from where the 
transition - which has been called Fy transition - starts. There are, 
therefore, certainly some inconsistencies in the measurements. In some 
other cases it has also been difficult to decide the formant number and 
exclude possible spurious formants. There have been many points of doubt, 
put the cases have been carefully considered. 

Only RD's spectrograms have been measured, but RT's spectrograms have 
been compared with those of RD by visual inspection. 

A binomial pair test has been used to test the signifficance of the 
differences between dental and retroflex consonants (see sidney Siegel, 


1956, table pp- 36-37, 250)- 


T2095 Results. 


qv.2.51. Li uids and nasals. 


Liquids ane “-— 


As mentioned in TI, the retroflex liquids and nasals (ry, ds and n) 
are not found initially, S° that the contrast to the dentals is restricted 
to the medial and final positions. Only RD's consonants have been 


measured. 


A. vr and tT 


Se 


The consonantal section. 
Ne ee 


Initial r is 4 one-tap-r- There are only two examples in the text 


(two readings of rab); they have the average formants 550, 1537 and 2450. 
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In final position both r and r have a single tap oT flap. There are 
three examples of each one ie the text, all after a-- There is a con- 
sistent difference in the formants, the second formant of r being slightly 
higher and its third formant lower than the corresponding formants of r. 
The averages are for r: 600, 1442, and 2425, for rt 515, 1572, and 2188. 
The differences in F, are not consistent. i. 

Medial x and r are both flaps with a very short closure phase. The 
duration is 21 ms ‘fait Yr, and 13 ms for Tf. During the closure no formants 


are seen in the spectrograms except for a low resonance around 250 Hz. 


There are, however, two exceptions: boro, which has a second formant at 


1250 Hz, and one reading of amiri, with formants at 300 (?), 2100, 2630, 


—— 


and 3750. 


Formant transitions in adjacent vowels. 


In the case of medial Tr and r, the transitions of the adjacent vowels 
are the only features that ane visible jn the spectrograms , apart from the 
short pause. The transitions following initial x (rab) differ from those 
following medial r by having a very long and extensive transition of F, 
(1850-2263, of 120 ms duration). Fy shows @ transition of 55 ms duration 
(1425-1363) . 

As for the transitions preceding the final consonants, they do not 
differ from those preceding the medial consonants, and the averages have 
therefore been combined. Table 2 of Appendix D gives the frequencies of 
start and end point of the transitions and the extent of the rise or fall 


(+ and - indicate "positive" and "negative" transitions). Schematic 
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Figure IV.59, Schematic drawings of formant transitions. 
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Figure IV.60. Schematic drawings of formant transitons. 
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Figure IV.61. Schematic drawings of formant transitions. 
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drawings are given in Figs. Iv.59-61 and Tv.63-64, and some specimens 

of spectrograms in Fig. Iv.62. The averages of vowel transitions of 
preceding and following a are pased on 7 and 6 examples, respectively. For 
the other vowels there are only 1-2 examples. 

It appears from the tables and figures that there are no consistent 
differences between vowel transitions after Tr and Tr. Both have in most 
cases a clearly negative Fi> and in some cases 4 negative Fy 

The transitions of the preceding vowels are, however, clearly dif- 
ferent. Both F, and Fy are strongly negative before retroflex zr. Fy is 
positive poth before Tr and before T, but it goes somewhat fagher up before 
ry. The most relevant measure is probably the frequencies of the end points 
of the transitions. They differ for both formants 2, 3, and 4, the vowels 
before retroflex consonants having 4 higher frequency of formant 2, and a 
lower frequency of formants 3 and 4 than before the dental consonants. 
These differences are very consistent. For F, and Fy there are no eX- 
ceptions when the single words are compared in pairs (there are 11 and 
12 comparable pairs, respectively) ; for Fy the difference is found in 10 
out of 13 comparable pairs. The differences are significant at the 1% 
level. The frequency of Fy of the steady state part of the vowel pre- 
ceding retroflex T js also generally lower than the steady state part 
of the vowel preceding dental r, whereas Fy varies. The transitions of 
Fy in vowels preceding a retroflex r are very often very steep, and start 


slightly later than those of Fy. In e and i the F, transition takes place 


in the middle of the vowel, the Fa transition at the end (see Fig. IV.62). 


kHz 


. 


3 i {li i h 
0 
pr 2 Y ° p 2 : 
Dat peer ete 
kHz 


ie ae ni 


3 
» «ae | i a fl 
iy. «iil " 
ith I i : 
0 al pi 


Figure IV.62. Spectrograms with paro, paro, bere and mere (RD) 
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Figure IV.63. Schematic drawings of formant transitions. 
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Figure IV.64. Schematic drawings of formant transitions. 
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Figure IV.65. Spectrograms of pele, ele, pala, and bala (RT) 
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B. land 1 


The consonantal section. 


The delimitation of retroflex 1 from the preceding vowel is often 
problematic, as can be seen from the spectrograms Fig. IV.65 (the examples 


pala and ele). If, in the examples with retroflex 1, the beginning of 1 


were considered to start when the vowel transitions start, 1 would have 
approximately the same length as 1, and the preceding craps ceanlat also 
be of the same length. However, if these spectrograms are compared to 
the spectrograms of retroflex r (Fig. IV.62) and to spectrograms of 
retroflex stops, it seems se convoneBla to consider the downward move- 
ment of formants 3 and 4 as belonging to the preceding vowel and to con- 
sider only the short period of closure of the flapped 1 to belong to the 
consonant section proper. What happens is probably that the tongue moves 
relatively slowly up to the roof of the palate and then, after a very 
short touch, moves quickly down. The consonant proper has therefore been 
considered as starting where formants 3 and 4 have come down. Calculated 
in this way the closure time of dental 1 will be on the average 86 ms and 
that of retroflex 1 only 27 ms, with no overlapping of the single cases. 
(1 in ullu (185) isa gerinate and has beem left out in the averages.) 

In contradistinction to r and Yr, both 1 and 1 show clear formant 


values during the consonantal section, as shown in the table below: 


Table IV.1. 


Formants of 1 and 1 


Formants of dental 1 
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Adjacent 
vowels a a u ° i e 
No. (8) (1) (1) (1) (2) (2) 
Fy 3669 3725 3500 3600 3850 3750 
F. 2697 7 2650 2650 2713? 2600 
Fy 1281 1300 1350 1150 2563? 1600 
Fy 319 350 250 275 275 Zits 
Formants of retroflex 1 

Adjacent 

vowels 
No. (2) Q) (1) (1) (2) (1) 
Fy 3330 3300 3100? 3550 3550 3425 
F, 2280 2500 2 1925 2425 2400 
Fy 1400 1425 1100 1050 2000 1800 
Fy 710 700 400 550 350 525 


There are very clear differen 
two types 0 
3 


Fy: 


and 3 also a higher Fo» moreover, 


The differences in Fo Fy» 


£ i: retroflex 1 has a higher Fy> 


and F, are found in all co 


4 


ces in the formant frequencies between the 
and in the environment of 


in all cases a lower Fy and a lower 


mparable 
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single pairs and are significant at the 1%level, and the difference in 


F is consistent for a and a. 


Formant transitions of adjacent vowels. 


The frequencies of ‘start and end of the vowel transitions are shown 
in table 2 of Appendix D, and schematic drawings are given in Figs. 
IV.63-64. 

The averages for the vowel a are based on 6 examples before 1 and 


1: 4 examples after 1, and 2 after 1,for the other vowels there are only 


1-2 examples. As there were no consistent differences between the transi- 
tions after’ initial and medial consonants, nor before final and medial 
consonants, these examples have been combined into one average. 

It appears from the tables and from the schematic drawings in 
Figs. 1V.63-64 that differences in formant transitions between the dental 1 


and the retroflex 1 are found both in the preceding and in the following 


vowel, but most consistently in the preceding vowel. In a and 9 Fi 


ends at a higher frequency before 1 than before 1 (and this is true of 


all 6 examples of a), but for the other vowels, and in vowels after 1 and 


1, there is no considtent difference. 


Fy is, on the whole, positive in a, 9, u, and o and negative in i 


and e, and there is a tendency to having a higher end point in al and la 


than in la and la; but it is not quite consistent, and for the other 
vowels one finds the opposite tendency. 

F, and Fy show much more consistent differences. Particularly the 
vowel before 1 shows a more strongly negative transition than the vowel 


before 1, and the end points of F, and F, are lower before 1 than before 


1 in all cases (12 comparable pairs), the difference being significant 


at the 1% level. Similarly, F, and Fy of the following vowel have a 


tendency to start at lower frequencies after 1 than after 1, but the dif- 


ference is only found in 6 out of 8 comparable word pairs. The vowel 
a has sometimes an extra formant around 3000-3300 Hz, particularly before 


dental 1. Fy is also consistently lower in the steady state part of a 


vowel preceding retroflex 1 than in one preceding dental 1, whereas F, 


varies. 


Cc. nandn 


The consonantal section. 


Retroflex n is a flapped consonant like 1 and r, and the delimitation 


is not too easy, although not as difficult as in the case of 1. The 


transitions have been considered to belong to the vowels, and n is thus of 
very brief duration (see the spectrograms Fig. IV.68). The average dura- 
tion of n is 88 ms, and that of n 31 ms and there is no overlapping (n 


in unna has been left out of the average, because it is a geminate (170 
ms)). 

The formants of nasal consonants are not easy to measure. They are 
rather irregular, and some may be too weak to appear on spectrograms. 
Particularly the higher formants are dubious, and the averages for n be- 


fore i are rather problematic. 


Nevertheless, some consistent differences appear from the tables: 
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Table IV.2. Fromants of n and n. 


Formants of dental n 


Adjacent 
vowels a a u ° i e 
No. (6) (1) (1) (1) (3) Q) 
Fy 4275 4400 3700 3775 
(3075) (2900) 
F, 2563 2415 2600 25 
\ 2680 2575 
Fy 1450 1325 1425 1200 
Fy $13 275 300 300 300 300 
ee eel 
Formants of retroflex n 
Adjacent 
vowels a a u 1} i e 
No. (6) (1) (1) (1) (3) (1) 
Fy 3400 3450 3870 
EL 2625 2800 2800 2900 2867? 2800 
F, 2125 2300 1850 1900 2400 2 
Fo 1408 1450 1225 1100 2063? 1900 
Fy 250 250 300 225 350 300 


There are no consistent differences between Fy or Fy of dental and retro- 


flex nasals. FP, is, however, consistently lower inn than in n. This is 
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true of 12 comparable pairs, and the difference is significant at the 
1% level. 
Moreover, n has in all positions a formant around 2800 Hz. 


Formant transitions in adjacent vowels. 


The frequencies of start and end of the transitions are given in 
table 3of Appendix D, and schematic drawings of the transitions in 
Figs. IV.66-67. There are no consistent differences between vowel transi- 
tions in connection with dental and retroflex consonants in Fy and Fo» but 
there are clear differences in F, and F,. Vowels before retroflex n 


4 


have a more pornounced negative transition of F. and Fy than vowels before 


dental consonants, and in most cases there is also a difference in the F, 


transition after the consonant. Fy has a lower end point of the transi- 


tion before retroflex n in all 12 comparable pairs, and F. in all of 10 


comparable pairs. In the position after the consonants the same tendency 
is found, but not consistently (6 out of 8 comparable pairs). Fy in the 
steady state part of a vowel preceding retroflex n is also consistently 
lower than in one preceding dental n, whereas F, as variable. 

A further difference between RD's dental and retroflex nasals is that 
the retroflex consonants tend to nasalize the preceding vowel to a higher 
degree, cf. Fig. IV.68. The vowel before n has a higher and weaker Fi 
and a stronger subformant than the vowel before n. 

The common features for retroflex r, n, and 1 are thus a lowering of 


the third and fourth formants of the preceding vowel, and the lowering is 


also seen for the F, and Fy of 1 and n. 
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Fig. IV.66. Schematic drawings of formant transitions. 
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Figure IV.68. Spectrograms of mana, pana, pani, and pani. 
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Figure IV.67. Schematic drawings of formant transitions. 
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D. RT's retroflex liquids and nasals. 


The spectrograms of RT show, on the whole, the same differences be- 
tween dental and retroflex consonants as those found in RD's spectrograms. 
The lowering of F before retroflex consonants is particularly clear. He 
also has the tendency to higher frequency of F, before r. As for Fy, he 
has some cases of clearly negative transition before retroflex consonants, 
but the fall is generally slower than in RD's curves and very often miss- 


ing. Two pairs of spectrograms reproduced in Fig. IV.69 from RD and RT 


show this difference. 


IV.2.52. Stops. 


Both dental and retroflex stops are found in all positions of the word: 
initially, medially, and finally. Spectrograms have been taken of the un- 
aspirated voiced and voiceless stops in all three positions in the environ- 
ment a-a, and initially and medially in connection with other vowels. As 
was the case with the liquids, consonants jn word-initial and syllable- 
initial position have been combined in a common average, and the same is 


true of word-final and syllable-final position. 


Temporal relations. 


In accordance with that has been found in other languages there is a 
clear difference in closure duration between RD's medial t-t and d-d. There 
are 8 pairs of retroflex consonants and no exceptions, which gives signi- 


ficance at the 1% level. 


Figure IV.69. 
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Spectrograms of Phara, pono (RD), and fara, pono (RT). 
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There is, moreover, a tendency for the retroflex consonants to have 
a slightly shorter closure than the dental consonants, but this difference 


is not consistent. The general averages are: 


t 124 ms, t 114 ms, d 83 ms, d 71 ms. 


RT has quite similar relations, namely: 


t 106 ms, t 103 ms, d 68 ms, d 51 ms. 


But he has only 3 examples where d is pronounced as a stop. Normally he 
pronounces it as a flap. 7 

More important is the differnece in distance between burst and vowel 
start, found in RD's spectrograms. This distance has sometimes been 
called "open interval" (e.g. by Fant and by Eli Fischer-Jgrgensen 1954), 
but is now commonly called "voice onset time", abbreviated VOT, a term 
which has been introduced by Lisker and Abramson (1964). 

In RD's spectrograms the VOT value is smaller for retroflex con- 
sonants than for dental consonants. For the voiced stops the VOT is in 
any case very short and sometimes difficult to measure, but there is at 
least a tendency for d to have a few ms shorter VOT than d. For the 


voiceless stops the difference is quite clear. The averages (in ms) are: 


a 8 a 8 ap € 
t 5 15 16 15 24 20 
t 9 9 13 10 10 9 


There are 27 examples of t and 25 of t, and of 24 comparable pairs the den- 


tal consonant has a longer VOT in 21. This is significant at the 1% level. 
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However, the other informant (RT) has no such difference between 
dental and retroflex stops. The VOT of his dental stops is on the average 


15 ms, and that of his retroflex stops 16 ms. 


Burst frequency. 


The burst frequency has been analysed by the linear prediction method, 
mentioned in IV.2.4. When the point for analysis is chosen at point zero, 
so that the time window has its peak at the start of the burst, the spec- 
trum of the bursts of voiceless stops will, in most cases, be based on the 
burst alone, except for some cases of retroflex stops where there may be 
a slight influence from the vowel start. 

Figs. IV.70-75 show such spectra of the bursts of RD. Dental stops 
are shown at the top, and retroflex stops at the bottom of each figure. 

In most of the drawings 2-3 examples of stops at point zero before the 
same vowel have been superimposed in order to show the variation. The 
differences between the two types are not very consistent although some 
general trends can be seen. Before a, u, 0, and a there is more energy 
at higher frequencies in the dental stops. They generally preserve their 
intensity up to at least 4000 Hz, whereas the intensity gradually falls 
off at higher frequencies in the retroflex stops. Before i and e, how- 
ever, no such difference can be seen, and before a the difference is not 
consistent. Figs. IV.76-79 show similar spectra from RT. There is 
generally only one example before each vowel, and dental and retroflex 
stop bursts have therefore been shown in the same diagram, the retro- 
flex stops being indicated by a dashed line. Only examples before a, a, 


o, i are given (as there was no pair before u, and before e it was 
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Figure IV.70. Spectra of bursts (RD). 
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Figure IV.71. Spectra of bursts (RD). 
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Figure IV.72. Spectra of bursts (RD). 
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Figure IV.73. Spectra of bursts (RD). 
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Figure IV.77. 


Spectra of bursts (RT). 


dB 


RT 


Figure 


Figure 
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not possible to distinguish the zero-curves from the other curves of the 
original picture). 

RT has a more consistent difference: the pursts of the retroflex con- 
sonants seem to have a rather broad peak around 3000 Hz, somewhat higher 
for i and lower for u- RD has such a proad peak in one example before 4 
and one before 2, put not in other cases. But RD's tendency to having 
more energy at higher frequencies in bursts of dental stops is confirmed 
by inspection of the spectrograms, not only in the spectrograms of the 
same examples, but also in spectrograms of other words. For stops before 
o and u the spectrograms show the same as the linear prediction spectra, 
because the whole difference lies below 5000 Hz, but for the other vowels 
the spectrograms show a difference at higher frequencies: It is rare 
that there is anything to be seen above 4-5000 Hz in yetroflex stop bursts 
pefore a and 2 > put dental stops show energy around 5-6500 Hz and some- 
times higher (see Fig. 1v.80, showing the differences before 2 )- As for 
stops before the front vowels e and i, both may show some energy above 
5000 Hz, but the retroflex stops have 4 concentration of energy from 
2500-4500 Hz, whereas the dental stops have more enersy at higher fre- 
quencies. This ig ety evident for e (Fig. Iv.81). Before i both have 
frequency noise but ti has less energy at the frequencies at which ti 
shows concentration of energy. These differences are rather consistent. 

In RT's spectrograms the distinction is less clear; he often has 
some energy above 5000 Hz in the bursts in all cases; there is, however, 
some difference (see Fig. Tv.83). 

In Figs. Tv.84-86 spectra of velar bursts are shown for comparison. 


g and k have been combined in the same graph, since g has a longer 
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Figure IV.80. Spectrograms of words with t and.t before @ (RD). 
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Figure IV.82. Spectrograms of words with t and t before i (RD). 


169 


Figure IV.83. Spectrograms of words with t and t before i (RT). 
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Figure IV.85. Burst spectra of velars before a. (RD) 
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Figure IV,86, 


kHz 


Burst spectra of velars before u. (RD) 
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Figure IV.87. Schematic drawings of formant transitions. 
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Figure IV.88. Schematic drawings of formant transitions. 
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Figure IV.91. Schematic drawings of formant transitions. 
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Figure IV.92, Schematic drawings of formant transitions. 


vOT-value than b and d, so that the burst can be isolated in the 
analysis. It is evident that velars have a lower (and more concentrated) 
purst than retroflex consonants before a and u.. But before i there is 
no clear difference to be seen. The spectrograms, however, show clearly 
that the velars have a stronger and longer burst and a longer VOT-value, 
and also a different start of the vowel formants. In the velars there 
is a clear second peak around 4500 Hz. This has also been found in 


Danish palatovelars (Eli Fischer-Jérgensen 1954). 


Formant transitions of adjacent vowels. 


The frequencies of the start and end of the formant transitions in 
vowels adjacent to dental and retroflex stops have been measured on the 
basis of the spectrograms. On the whole, the results are in agreement 
with the curves taken by the linear prediction method at the points 10-15 
ms. after the burst (see above, Iv.2.4). As it was the case with liquids 
and nasals only RD's spectrograms have been measured, but they have been 
compared with RT's spectrograms of list I-VII by visual inspection. 

The frequencies and extent of the transitions are given in tables 
4-9 of Appendix D, and schematic drawings are found in Figs. IV. 87-92. 
Specimens of spectrograms are given in Figs. IV.80-81. and 93-94. 

A comparison between formant transitions in vowels adjacent to den- 
tal and retroflex consonants shows that vowels a, @, U, o before the 
retroflex consonants have a very clear negative transition of F, and Fy 
and a somewhat higher end point of F> whereas the difference is much 
smaller for i and e, although they show the same tendency. There are 


24 single pairs of vowels before dental and retroflex consonants which 
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Fy ud and ut. The differences are highly Significant Tor aii the vowers 


faker in one dares but is is evident that the exceptions concerning e 
and i are systematic. They have negative transitions of F, like the 
others, but the transitions do not go as far down. In one case (ed) the 
transition of Fz even goes up, but there was only one example aie isi this 
case the following vowel was not e but i, and the positive trantision 

of Fy is due to coarticulation with the following i. In this case it 

was not quite appropriate to combine e+d and d+e into one figure. 


The lowering of F, and Fy also affects the steady state frequency of 


the preceding vowels. This is true in 10 out of 12 averages both for F, 
and Fy. The exceptions for F are ot and it, for F, ad and od. 

The vowels following dental and sreteoetex denisonenes do nok show any 
consistent differences except that o has a lower Fy after retroflex con- 
sonants and a a significantly lower F. and a higher Fy after retroflex con- 
sonants. 

In Figs. IV.95-97 the average transitions of the formants of pre- 
ceding vowels have been set up in a graph showing how the formants of 
different vowels converge. 

For F, it is possible to set up a locus with tolerable precision. It 
is evidently higher before retroflex consonants than before dental con- 
sonants. If we take the average between the two end points of falling and 


rising transitions which are closest together, the result is 1672 and 


1737 Hz for the dentals t and d, and 1950 and 1958 for the retroflex stops 
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Figure IV.95. Drawings of loci. 
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Fig. IV.96. Drawings of Loci. 
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Figure IV.91. Drawings of Loci. 
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gives 1700 for dentals, and 2000 and 2200 for t and d, respectively. Thus 
it can be said that there is a locus around 1700 for dentals and 2100 

for retroflex stops. 

As for F, and F, the transitions are not as regular, and it can only 
be said that a F, locus for dental t and d must be somewhat below 3000 
Hz, approximately at 2700 Hz, which is in good agreement with what has 
been found earlier. As for Fy it could be somewhat above 3500, but this 
is rather guesswork. 

F, and Fy in retroflex consonants, on the other hand, do not point 
to a definite frequency, they simply go steeply downward, except for e and 
i which show very little inflection at all (e before d goes upwards which 
is due to coarticulation with a following i, as geuatonnd above). The 
lowest point reached by the Fz transitions is 1800, and that reached by 
the Fy transitions is 2750. 


RT's spectrograms show quite similar transitions of F, in retroflex 


consonants, but he rarely has any transition of Fy (see Fig. Iv.94). 


Comparison with formant transitions in combination with other stop con- 


sonants. 


List IX, spoken by RD only, also contains examples of labial, dental, 
and velar stops before the six vowels (in connection with a there are also 


examples after the vowel). Measurements of vowel transitions after these 
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consonants are given for the purpose of comparing them with the 
transitions after dental and retroflex consonants. This was found inter- 
esting, particularly because Stevens and Blumstein (1975) have shown 
that retroflex and velar consonants before a can be synethsized with the 
same transitions. 

The formant transitions of vowels preceding and (in some cases) 
following labial, velar, and palatal stops are given in tables 10-15 of 
Appendix D, and schematic drawings are found in Figs. 1¥.98-103. 

There are only a few examples in the material allowing a comparison 
between the transitions of vowels before dental and retroflex stops with 
those of vowels preceding other stops, namely a + Pp, b, k, g, at g and 
i+k. it k differ celarly from i before dental and retroflex consonants 
by its positive F,-transition. 2a +t g is not very different from 9 + 
dentals, but differs clearly from 9_ before retroflex consonants because 
it lacks the negative transition of Fy and (perhaps less typically) that 
of F,. The transitions of a + Pp, b, k, g differ clearly from those 
before retroflex consonants because there is no negative transition of 
Fy> and a + labials differs from both a before dentals and retroflex 
stops by its negative transition of F,- But a + k and g are similar to 
a before dental stops, although Fy and F, come somewhat closer together. 

There are examples of all vowels following labial, velar, and palatal 
stops, but normally only one example of each, so that the results should 
be taken with some reservation. In this position dental and retroflex 
stops are less clearly distinguished. None of them can, however, be 


confounded with palatal stops, since the latter are followed by a long 


positive F,-transition of a, 2, O, U- This transition is less 
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Figure IV.98. Schematic drawings of formant transitions. 
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Figure IV.99. Schematic drawings of formant transitions. 
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Figure IV.100. Schematic drawings of formant transitions. 
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Figure IV.101. Schematic drawings of formant transitions. 
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Figure IV.102. 


Schematic drawings of formant transitions. 
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Figure Iv.103. Schematic drawings of formant transitions. 
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pronounced in e, but after dental and retroflex stops e has 4 falling 
transition, and ci and ju differ from dentals and retroflex con- 
sonants + i by their straight Fz 

As for the labials, they are followed by negative or straight 
transitions of the vowels. There is thus no possibility of confusion 
with either dentals or retroflex stops pefore a, 9% u, and_o, which 
have always positive F,-transitions; and there is @ stronger negative 
transition in e after Jabials than after dental and retroflex consonants, 
but pi and ti do not differ much. 

As for the yelar stop + e and i they differ from dental and 
retroflex stops + e and i by having 4 positive (or almost straight) 
transition of Fo> and velar stops + u_and o differ from dental and 
yetroflex stops + u and o by not having a positive transition of Fo 
They differ from dental and retroflex stops * a by not having @ posi- 
tive transition of F,- But they do look very similar to yetroflex stops 
+ a3 poth retroflex and velar stops + a have Fy and F, of the following 
vowel close together. This means that the similarity in formant transi- 


tions between velar and yetroflex stops is only found after the vowel a; 


and to a certain extend also before the vowel a. 


Iv.3 mary and discussion. 


Sum 


Iv.3.1. Comparison with other investigations: 


The palatographic analysis of dental and retroflex consonants showed 


a clear difference in point of articulation petween the two categories 
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in RD's speech. The point of articulation of the dental stops is dental 
or dentialveolar (in the case of r mostly alveolar), whereas the point 
of articulation for retroflex consonants normally is prepalatal, but in 
combination with i rather postalveolar. Retroflex 1, n, and r were 


flapped sounds, and 1 and n may be very open with ule a slight touch 
in the middle of route The tongue is curled back and touches the 
palate with the lower surface of the tip. 

The acoustic investigation has as its main results that retroflex 1 
and n have a lower F, and Fy (for n Fy is often missing) than dental 1 7 
and By and 1 has a high Fy quacanse of its open and yowel-like 
sephiethatinil, Moreover, all retroflex consonants have a lowering ef- 
fect on F, and Fy of the surrounding yowels (compared to dental consonants) , 
but particularly on the preceding vowel which has a lower steady state 
value of F, and Fy; but a still more pronounced lowering of the end point 
of the transition. The effect of stop consonants on i and & is, how- 
ever, very small. The effect of retroflex consonants on the following 
yowel is much more irregular but still clear for the vowel a, It may, 
therefore, not be accidental that retroflex nasals and liquids are not 
found initially, nor that retroflex consonants are on the whole less 
common before front vowels (Bhat 1974). 

The burst has more energy at lower frequencies before retroflex stops 
than before dental stops, and for RT there is a peak around 3000 (some- 
what higher for i and lower for 0). 

Compared to the results of Ramasubramanian and Thosar's investigation 


of Tamil retroflex stops there is agreement on the main point, i.e. F, 


is lowered in vowels adjacent to retroflex stops aS compared to dental 
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stops. There is also agreement in the finding that retroflex 1 has 


a lower F, than dental 1. For retroflex n they indicate a higher F, 
which is somewhat astonishing and not in agreement with the findings of 
the present investigation. Moreover, they indicate a higher F, both 


in retroflex n and 1; this is difficult to compare with the present 


measurements, since they only give an average value, and F2 differs 
according to the surrounding vowels. They have not measured Fy: 

On the basis of their experiments with synthesis they set up a 
number of loci, different for front, central, and back vowels (which 
is not in agreement with the locus concept of the Haskins group), and 
terminal frequencies fround to be efficient for the synthesis of retro- 
flex stops. or F. they have lower loci and lower terminal frequencies 
of the vowels in retroflex than in dental consonants, but their F, 
locus for dental stops (2000 Hz) seems extra-ordinarily low. For Fy 
they assume a higher terminal frequency in a in combination with dental 
stops than with retroflex stops (1590 vs. 1450 Hz), which is not in 
agreement with the present measurements. In the table on p. 78 the end 
points of F, of the vowels are indicated as 350 Hz in combination 
with dentals,and 300 Hz in combination with velars both for i, u, and a, 
although the locus of all consonants is indicated to be 200 Hz and i 
and u have F, at 280. This must be a misprint, which also appears from 
the schematic drawings of their synethetic stimuli on pp. 83-84. 

Still more confusing is what they say about bursts. On p. 78 the 
poles are indicated to be 3500, 6000, and 4500 Hz for t, 2600, 3900, 
and 2000 for t, and 3500, 6000, and 4500 Hz. for k; but on p. 82 it is 


said that the poles for retroflex stops are 3500 and 600 Hz which were 
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for dentals and velars, and 2600 for retroflex stops. It is astonishing 
that they use the same burst frequencies in front of a, u, and i. A 
ka and ku with a burst at 3500 Hz are completely unrealiztic, and one 
wonders how these syllables sound. Nothing is said about the perceptual 
tests which must habe been used in their experiments with synthesis. 

Much more interesting is the article by Stevens and Blumstein (1975). 
they have taken some spectrograms of t and t in intervocalic position 


spoken by 3 Hindi speakers. The spectrograms of ata reproduced on p. 
220 show strongly negative transitions for F, and F, of the preceding 
vowel for two of the informants. (The spectrogram of the third informant 
does not show the hieher formants.) The formants of the following vowels 
differ, one informant has no rise in F, or Fy. This difference between 
preceding and following vowels with less evident transitions in the fol- 
lowing vowel is in agreement with the findings of the present investiga- 
tion, and so is the negative tranisiton of F, and Fy in the first a. 
The differences between the bursts which are said to be lower in the 
retroflex consonant are not very evident in the published spectrograms. 
The results of their preceptual tests with synthetic stops in CV 
syllables with the vowel a are clear. Stimuli with a positive transi- 
tion of F. in combination with a burst between F, and Fy are heard as ta, 


a straight or negative transition of F3 combined with a somewhat lower 


burst (between F, and Fy) gives ta and a lowering of the burst to the 
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Figure IV.104. 
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Graphic comparison of the end points of formant 
transitions before dental and retroflex con- 
sonants (RD). 
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level of F, has the effect that the listener hears ka. 

There are, however, some differences between the reactions of the 
8 listeners. Some hear ta even when F, has a slight positive transi- 
tion. Since the Ssonteaoa ai the burst and the transition of iP are not 
varied independently, it is not possible to say what has been more im- 
portant for the listeners. But is is shown that the addition of a 
rising Fy increases the number of retroflex-responses. The main charac- 
teristic of retroflex consonants is said to be a clustering of Fos F, 
and F, in a relatively narrow frequency region. In order to illustrate 


this point the end points of F2, F, and F, in vowels before dental and 


3 
retroflex consonants of the present investigation are compared graphically 
in Fig. IV.104. The tendency is evident although it is not always that 
Fy contributes to the result. In this picture the dashed lines do not 
depict formant transitions; they simply combine the end points of formants 


before dental and before retroflex consonants to make the difference more 


clear. 


IV.3.2. The relation between articulation and acoustic result. 


Stevens and Blumstein also try to explain the acoustic differences 
between the formant transitions before dental and retroflex consonants 
on the basis of their production. Fy in consonants with an apical place 
of articulation is said to depend on the cavity behind the closure. This 
may explain why the vowels a and 9 were found to have a higher end 
point of Fy before retroflex consonants than before dental consonants 
in this investigation (with an as the only exception). When the tongue 


tip is curled back, the cavity behind the place of articulation gets 
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shorter and must have a higher resonance (the consonantal section of 1 


has also a higher Fy after a and 2). For the other vowels this dif- 
ference is not consistent. Fore and i it is found before stops but 


not before 1, r, n. The consonant also seems to play a role. Before r 


the end point of Fy is higher (except in er), before n it is only higher 


in an (and this is only dueto the word pani which should not have been 


included in the average). 

F. and Fy for the more frontal configuration are - according to 
Stevens and Blumstein - usually also associated with the cavity behind 
the constriction in dental consonants, and their end points are generally 
higher than F, and Fy of the adjacent vowels, so that these get positive 
transitions. In the present material most fourth formants of the vowels 
have positive or straight transitions before dentals (see Figs. IV.95-97). 
But Fy has negative transitions in i, e, and partly a. i and e seem to 
have a higher F. than the locus for the dental F, (this was also found 
for Danish, see Fischer-Jérgensen 1954). 

The cavity in front of the constriction is so small in dentals that 
it has a very high natural frequency which is no importance. But in 
retroflex consonants, where the tongue is curled back, the front cavity 
is larger and, according to Stevens and Blumstein, its resonance comes 
into the vicinity of F, and Fy: When the tongue moves down from the con- 
sonant to the vowel the size of the cavity decreases rapidly and the re- 
sonance increases rapidly. This is depicted in Fig. IV.105 (Fig. 2 in 
Stevens and Blumstein 1975). They explain in the text that two formants 


cannot intersect physically. When they come close together they are dis- 


placed upwards and downwards. We thus get a picture with a lowered F,, 
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and a rising Fy and F, in CV syllables. In Stevens (1953) it is shown 

on the basis of calculations of the resonances of the vocal tract that 

if the place of articulation is about 12.8 cm. from the glottis (that 

is slightly behind the dentialveolar place of articulation, Fy is 

lowered and comes close to FR, and the graph shows that still further 
back F, is lowered and comes close to Fo: This is quite in agreement with 
Fant (1968) who says that retroflex consonants with a postalveolar articu- 
lation have Fy close to F,, and retroflex consonants with palatal 
articulation have F, close to Fo: 

In the palatographic investigation RD's retroflex consonants were 
found to have a palatal place of articulation, except for the consonants 
in the environment of i, which has a postalveolar place of articulation. 
We might therefore expect to find a more exclusive lowering of Fy rather 
than of F, jn the environment of i, and perhaps ¢. This is on the whole 
confirmed in the present investigation when the end points before retro- 
flex consonants are compared to those before dental consonants (Fig. 
Iv.104). 

We might also look for confirmation of this expectation in a differ- 
ent way: It was mentioned above that RD had a shorter VOT value of his 
retroflex stops than of his dental stops, whereas this was not the case 
for RT. Now RD's retroflex stops are generally spoken with the tip of 
the tongue curled back, and according to stevens (1973) consonants made 
with the tip of the tongue have a shorter VOT value than those made with 
the blade because the tip moves more quickly. It might therefore be 
assumed that RT's retroflex stops were not completely retroflex, but that 


the blade took part in the constriction. This is in agreement with the 


fact that his retroflex stops sound more similar to the dental stops 
than those of RD. Moreover, the spectrograms of his dental and retroflex 
consonants were also more similar. But they were more similar because he 
very rarely has any transition of Fy (see Figs. IV.69 and IV.94), and 
if his place of articulation is not as far back he should rather have 
been expected to have more lowering of Fy than of Fo. 

Finally, it is supposed by Stevens and Blumstein that when the 
tongue goes down and the front cavity decreased in size and thus de- 
creases its resonance, Fy should not be influenced until a certain de- 
crease has taken place, about 20 ms after the release. Conversely, it 
might be expected that when the tongue tip moves up to the retroflex 
position we should first see a fall in Fy and then in F, as it comes 
close to the palatal place of articulation. But this is not the case. 
The steep rise of F, generally starts immediately after the release, and 
the fall of Fy in the preceding vowel generally starts later than the fall 
in F 


3° In a single case (RD's pili, Fig. IV.106) there is first a down- 


ward transition of F. in the first i, and then a downward transition of Fy 


(and conversely in the second i). This really looks as if there is a 
cavity which increases gradually in size, first incluencing F, and then 


F But similar pictures are never found for Fy and Fo. 


2 

We have thus had some difficulties in applying the very plausible 
explanations given in Stevens and Blumstein to our material. But that 
may be due to the fact that the relations between cavities and formants 
are extremely complicated, and F, and Fy may be influenced by both the 


back and front cavities. Sometimes the quickly descending "F," transi- 


tion before a retroflex stop seems to be rather independent of the 
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Figure IY¥.106. Spectrogram of pili (RD). 


regular F, formant (see Fig. IV.93, pata). 


Stevens and Blumstein do not mention the asymmetry in the spectro- 
grams of retroflex stops, i.e. the fact that the lowering of F, and Fy 
is much more pronounced in the preceding than in the following vowel. 
Asymmetries can also be found in connection with other consonants, but 
they are much more evident in connection with retroflex stops. A glance 
at the figures IV.59-61, 63-64, 66-67, and 87-97 is enough to state that 
the transitions of preceding and following vowels are much more symmetric 
in combination with dentals than in combination with retroflex consonants. 
This may probably be explained by two things: (1) the movement up to the 
place of articulation is probably slower than the movement down; (2) when 
the closure is made with the lower surface of the tip, the contact is 
probably moved somewhat forward before the tip goes down. In the flapped 
consonants it is evident that the tip slides forward along the palate. 
This means that at the release the place of articulation is less retracted, 
the size of the front cavity already decreased, and the transitions will 
not be so clearly different from those of the dentals. This is also the 
explanation given by Bhat (1974). Bhat also mentions that in a tap con- 
sonant like alveolar r the tip may move inward so that it ends in a more 
retroflex position. This is confirmed in the spectrograms of r in the 
present investigation, which may sometimes show a rising Fy in the follow- 
ing vowel, whereas the retroflex r has a falling Fy in the preceding vowel 


(see Fig. IV.59. ara and ora). 


Iv.3.3. The distinctive features of retroflex consonants. 


According to Roman Jakobson retroflexion belongs together with 
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rounding and pharyngealization as different manifestations of the 

feature "flat" (see Jakobson, Fant, Halle, 1952, pp. 34 and 49). 
Acoustically flat phonemes are characterized by a downward shift and/or 
weakening of some of their upper frequency components. This description 
is in full agreement with the lowering of Fy and F. found in the present 
investigation as well as by Ramasubtamanian and Thosar, and by Stevens 
and Blumstein. Articulatorily they are said to be produced by a decreased: 
back or front orifice of the mouth resonator and a concommitant velari- 
zation which expands the mouth resonator. (Jakobson, Halle, 1968, 

pp. 431-432). In Jakobson-Fant-Halle (1952) an elongation of the mouth 
esonator is mentioned as the most important charatteristic. The descrip- 
tion still needs verification. It is not improbable that the hollowing 
of the tongue body behind the tip in the retroflex articulation entails 

a certain velarization, even an alveolra r is considered to entail a 
certain velarization, but to confirm its assumption it would be neces- 
sary to make X-ray photos of retroflex consonants. The picture given in 
Stevens and Blumstein (1975) of Polish retroflex d does not show any 
yelarization, nor any elongation of the mouth Sauttions And the physio- 
logical explanation of the lowered F. and Fy given by Stevens and Blumstein 


is not based on the cavity behind the constriction, but on the cavity in 


front of the constriction. This point needs more investigation. 


APPENDIX A 


Lists 1 and 2 used as texts for the formant analysis of 


Gujarati vowels. 


List 1 


Group A. Words with clear vowels. 


eh ee 

(2) itar 'another' 

(3) is ‘upper end of bedstead! 
(4) lin ‘engrossed (in)' 


(5) lila ‘girl's name! 


(6) tithi ‘day of the month' 


(7) din 'day of the week' 


(9) ela "hello" (address) 
(10) ek ‘one! 
(11) te York! 


(12) teli ‘oil man' 


(13) theli 'small bag' 


(14) tethi 'therefore' 


(15) a 
(16) attar 'perfume" 


(17) agar 'a salt-pan' 
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Group A. Words with clear yowels. (continued) 
(18) tal 'sesanum! 
(19) tole ‘under! 
(20) tasu ‘a kind of measurement like centimeter etc.! 
(21) a 
(22) ag ‘fire! 
(25) asan ‘seat! 
(24) dal ‘pulses! (grain) 
(25) dada ‘grandfather! 
(26) tato 'sharp' (masc.) 
(27) bap 'father' 
(28) pamer ‘wretched! 
(29) papi 'sinful' 
(30) o 
(31) op "polish, brightness! 
(32) ok 'vomit' (II Imp.sg.) 
(33) mobh  'crossbeam! 
(34) bobro ‘stuttering man' (adj.) 
(35) popat ‘parrot! 
(36) u 
(37) ug "grow! (II Imp.sg.) 
(38) upar ‘demand! 
(39) kup 'well' (n.) 
(40) kubo 'small cottage! 
(41) bhumi ground, earth! 


Group B. Words with nasalized vowels. 
(42) i 
(43) ahi there! 
(44) tohi 'there' 
(45) sih  ‘lion' 
(46) chik ‘sneeze’ 
(47) 1ik ‘that which comes out 
the nose’ 
(48) E 
(49) tE tyou' (sg. Agentive) 
(50) hE twhat? please?’ 
(51) Et —‘'credit" 
(52) me a (agentive) 
(53) khEc 'shortage' 
(54) $& — ‘how' 
(55) B 
(56) sojwari ‘broom! 
(57) hds 'swan' 
(58) kos 'a king's name! 
(59) dog 'surprised' (adj.) 
(59a) tog 'disgusted' (adj.) 
(60) manda ‘girl's name! 
(61) Qnter tdistance' 
(62) sangh ‘group! 
(63) sancey 'collection' 


(64) BAk ‘lap! 


of 
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Group B. Words with nasalized yowels (continued) 
(65) “@ 
(66) @k "sieve! 
(67) k& ‘why? 
(68) pakh ‘wing! 
(69) api 'putty' 
(70) kap 'manure! 
(71) sa 'which' (neut. pl.) 
(72) 0 
(73) bhOk 'pierce' (II Imp.sg.) 
(74) pok "parched grain' 
(75) bho "ground, earth! 
(76) poter ! seventy-two! 
(77) sOp 'consign' (II Imp.sg.) 
(78) 10kri ‘an animal' 
(79) % 
(80) bhuk 'bark' (II Imp.sg.) 
(81) su ‘what! 
(82) gatu  'singing' (neut.sg.) 
(83) ut ‘camel' 
(84) tu —tyou" (sg.) 
(85) hu 'T! 


List 2_ 


Group C (a). Words with clear and murmured vowels in pairs. 
(86) kari 'hook' 

(87) keri ‘curry' 

(88) bi 'seed' 

(89) bi 'be afraid of! 

(90) cir 'clothes' 

(91) cir ‘tear! (II Imp.sg.) 
(92) pelo ‘that! (Pro.masc.sg.) 
(93) pelo ‘first! (masc.sg.) 
(94) sej "bed! 

(95) sej ‘a little! 

(96) mek 'put' (II Imp.sg.) 
(97) mek ‘fragrance! 

(98) bar "twelve! 

(99) bar ‘out! 

(100) maro ‘beat’ (II Imp.pl.) 
(101) maro ‘mine, my' (masc.) 
(102) mor "peacock! 

(103) mor 'mango blossom! 

(104) kor — 'longing' 

(105) kor 'leprosy' 

(106) por ‘last or next year' 
(107) por 'a period of three hours' 
(108) dor 'run' (II Imp.sg.) 


(109) 


‘one and a half' 
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Group C (a). (continued) 


(110) dudh 
(111) dud 
(112) tigh 
(113) tg 
(114) wali 
(115) wali 
(116) ko 
(117) kg 
Group C (b). 


'milk' 

tmilk' 

'sleep' 

"sleep' 

'name of a monkey king! 
'dear' (fem.) 

"someone! 


'say' (II Inp.sg.) 


The same words are spoken in reverse order. Group C (c) included the 


words with clear vowels, and Group C (d) included the words with murmured 


vowels. Group C (e) included words in phases and sentences. 


Group D. Some words for RT. 


(a) and (b): Words with clear and murmured vowels. 


(i) par 
(ii) taro 
(iii) mal 
(iv) lawo 


(vy) bolt 


(vi) mel 


(vii) sawar 


(viii) per 


(ix) poci 


'obligation' 

'star' 

"goods, property' 
'bring' (II Inp.pl.) 
'(I may) immerse' 
tdirt! 

"horseman' 

'revenge' 


'wristlet' 


Group D (b) 


(x) par 'mountain' 


(xi) taro 'your' (masc.sg.) 
(xii) mal ‘enjoy' (II Imp.sg.) 
(xiii) lawo ‘enjoyment, pleasure! 
(xiv) bolu ‘large, big' 

(xv) mel "palace! 

(xvi) sgwar 'morning' 

(xvii) per 'dust of the woods' 


(xviii) pOci 'reached' (II Imp.sg., fem.) 


Group D (c) and (d) included phrases and sentences with the clear and 


murmured vowels, respectively. 
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Table B.7 RT. Averages of Clear and murmured vowels (List II-c and D) 
No. F F F F 


Samples No, of 1 2 3 4 
samples 
cs 
1 bi, cir 8 259 2169 2824 3467 
2. i, cir 259 2121 2764 3468 
3 pelo, sej mel 12 392 1817 2604 3446 
4 pelo, sej mel 6 378 1751 2662 3508 


mal, lawo 22 759 1172 2688 3698 
8 bar, maro, 

wali, Par, taro, 

mal, lawo 10 759 1161 2704 3761 
9, kari 4 514 1415 2279 3438 
10. kari 4 507 1300 2402 3444 
HY, mor, kor, por, 

dor, ko, bolt 22 388 867 2608 3583 
12 mor, kor, Por, 

der, ko, bold 13 390 882 2650 = 3633 
13h; dudh 4 290 962 2525 3062 
14, dud 3 282 932 2525 2983 


(3) 
(4) 


(6) 


(9) 
(10) 
(11) 
(12) 
(13) 
(14) 


(15) 
(16) 
(17) 
(18) 


APPENDIX ¢ 


"mercury 
"fodder! 

"drop CII. Imp.p1,) 
"tame (II Imp.p1.) 
"male buffalo: 

"break wind' (ry Imp.p1.) 
‘a Surname' 

"drop! (II Imp.sg.) 
"tame! (II Imp. sg.) 
"end! 

"heel! 

‘water! 

‘limit, Oath! 


"bring! (II Imp.sg.) 


List IT (Used for Palatograms and SPectrograms) 


dab 


Mata 
— 


mada 
Seats 


"press! (II Imp. sg.) 
"mother! 


"female 
224 
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(19) vat "talk! 

(20). vad ‘argument! 
(21) fapu ‘island 

(22) daba '1eft' (p1,) 
(23) pata "bandages! 


(24) pada "male buffalos' 


(25) at ‘a tool of the weaver! 
(26) ad ‘obstruction! 


(27) rab "gruel! 


(28) labh "advantage, benefit! 


(29) mara mines @i} 
(30) pala "fodder! (pl.) 
(31) phara "pieces of wood! 


(32) bala "girlt 


(33) ar "spike! 
(34) al "give' (II Imp.sg.) 


(35) phar tteart (II Imp.sg.) 


(36) phal ‘leap! 

(37) nabhi 'naval' 

(38) mana 'name of a man! (vocative) 
(39) pana "stones! 

(40) ban "bail, security! 


(41) ban "arrow! 


Word No. (21) tapu was replaced by tap 'sound of the horse- 
gallop'; nabhi (37) was replaced by nam 'name', and phal (36) 


by al ‘allegation! in 1977, 
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(3) pak "crop! 


(4) gay "sing! (it Imp.p1.) 
(5) 888a "sonst (colloquial) 


(6) bag "gardent 
List IIT, (Used for Palatography and Spectrography) 


(42) iti "end', "thus! 

(43) Sidi ‘negro! 

(44) piti "beat, hit: (Imperfective III, fem.) 
(45) idar "name of a city! 


iri: : ' 
(46) 3gmi Wealthiness 


(47) pili "pressed! (fem. ) 
(48) biri ‘Indian cigar! 

49 ili ' ' 

(49) Pili 'yez1oy (fem. ) 
(50) mini ‘cat! 


5] Reed tare oon 
(51) 2Phini 'opium addict 


List IIT (a) (Used for Palatograms and Spectrograms) 
— tt a 


(1) kiki ‘name of a girl' 
(2) gagi "daughter! (colloquial) 


(52) 
(53) 
(54) 
(55) 
(56) 
(57) 
(58) 
(59) 
(60) 
(61) 


(62) 
(63) 
(64) 
(65) 
(66) 
(67) 
(68) 
(69) 
(70) 


(71) 


List 


mete 
See 


umede 
seimenagaias 


pete 
edi 


bere 
Raat 


pele 


mere 


ele 


ene 


ene 
—_—_ 


IV. (Used for spectrograms only) 


"by oneself! 
Agentive of umed (name) 

‘asa Part of payment! 

"heel! (of the foot) 

"deaf! (Agentive) 

‘that! (Agentive) 

‘on the storey! 

"in vain' 

"he, she, itt (Objective, sg.) 


"he, she, itt (Agentive, sg.) 


List V. (Used for spectrograms only) 


atal 


adab 


a tok 


adak 


"bottomless! 
"respect, politeness! 
"surname! 


"touch! (II Imp. Sg.) 


bharam ‘illusion! 
soeccricg  hy 


malam 
pa Patt 
erap 


alas 


kanak 


‘ointment! 
"persistence! 
"poverty! (colloquial) 


"gold' 


Phanas 'Jack fruit! 
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(72) 
(73) 
(74) 
(75) 
(76) 
(77) 
(78) 
(79) 
(80) 
(81) 


(82) 
(83) 
(84) 
(85 

(86) 
(87) 
(88) 
(89) 
(90) 
(91) 


List VI. (Used for spectrograms only) 


roto "weeping! (masc,sg,) 
bodo "hoarse' (masc,sg.) 
oto "platform 

kodo "sea-shel]' (masc, ) 
Poro "rest! 

bolo "speak! (IT Imp.p1.) 


—— 


boro "baldhead ' (adj., masc.sg,) 
bolo "immerse! (II Imp.p1.) 


kono "whose! (masc, sg.) 
pono "three-fourth! (masc,sg.) 
List VII. (Used for Spectrograms only, 
a except for No. 82, hututu) 
hututu ‘a game! 
udar "generous! 
phute "burst! (Subjuctive, III. Sg. and pl.) 
ude "fly! (Subjuctive, rrr. Sg. and pl.) 
Puru "name of a king! 
ullu ‘idiot! 
Sura "parrots! 
mulu "name of a mant 
munnu ‘ame of a boy" 


une p "lack, deficiency! 
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@) 
(2) 
(3) 
(4) 


(1) 
(4) 
(7) 
(10) 


List VII (a). (Used for palatograms and spectrograms) 


bhodu_ 'stupid! 


udu 'I may fly! 
moti "big' (neut.sg.) 
kuku "voice of the cuckoo! 


List VIII. (Used for spectrograms only) 


ti ta tu, (2) di da du, (3) ti ta 
di da du, (5) te to, (6) te to, 


de do, (8) de do, (9) ki ka ku, 


gi ga gu 


230 


List Ix, (Used for Spectrograms only) 


1. pa 21. ba 41. pu 
2. ta 22. da 42. tu 
3. ta 23. da 43. tu 
4. ca 24. ja 44. cu 
5. ka 25. ga 45. ku 
6. pe 26. be 46. pa 
7. te 27. de ar tes 
8. te 28. de Be te. 
9. ce 29. je 49. ca 
10. ke 30. ge 50, ka 
11. pi 31. bi 51. bu 
12. ti 32. di 52. du 
13. ti 33. di 53. du 
14. ci 34. ji 54. ju 
15. ki 35. gi 55. gu 
16. po 36. bo 56. ba 
17, to 37. do 57, da 
18. to 38. do 58. da 
19. co 39. jo 59. ja 
20. ko 40. go 60. Ba 


APPENDIX D 


Formant transitions Of vowels adjacent to r and ZF: (Number 


of examples in Parentheses, 


Steady Trans, Trans, Steady 

State end diff, Start State diff, 
(7) a wr (2) rta 
e, 3563 3746 +183 3375 3899 +525 


P, 2593 2362 2275 2175 +100 
F, 1345 1440 +95 1425 1400 +25 
P, 870 605 588 775 -187 
(6) a+r (3) ra 

R, "3767 3075 3700 3700 0 
F, 2488 2033 2050 2325 275 
J 1292 1550 +258 1475 1500 -25 
F 817 604 -213 641 783 -142 
OD ers (1) ge, 

F, ~ 27253776 -1050 
F, 2450 2450 0 2225 2425 200 
PF, 1425 1550 +125 1575 1550 +25 
Bi 650 550 -100 550 725 -175 
(1) a+r (1) rts 

R, 3700 2700 -1000 2775 

R, 2375 1825 -550 2400 2400 0 
E, 1325 1575 +250 1550 1500 +50 
F 725 425 -300 525 625 -100 

ee oe 
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Table D.1 (continued) 


Steady Trans, Trans. Steady 
state end diff, Start State diff. 
(1) Dba (1) rtu 


F, 3700 3700 0 3700 
Fy 2550 2500 

Fy 950 1175 +225 1075 875 +200 
Fy 375 375 0 350 350 0 
(1) utr 

R, "3225 2750 -475 

Fy 2225 1650 -575 

R, 975 1500 +525 

F, 375 375 0 

(1) O+tr (2) r+o 

B, "3650 3400 -250 3125-3600 -475 
F, 2575 1750 2100 -350 
R, 925 1150 +225 1200 1000 +200 
F, 525 525 0 575 S75 0 
(1) O+tr (2) r+o 

Ry 3600 3100 -500 3200 3650 450 
Fy 2275 1550 -725 1750 2500 -750 
Fy 850 1250 +400 1250 1088 +162 
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Table p,q (continued) 


Steady Trans, Trans, Steady 

state end diff. Start state diff, 
(2) itr (2) a ae ~ 
Fy "3950 3950 0 3938 \ 3950 -12 
Fe 3013 2675 -338 2663 2988 -325 
F, 2463 2250 -213 2363 2563 -200 
E, 300 300 0 300 300 0 
a awe ed 
a 3700 2900 -800 3950 3950 0 
s 3200 2650 550 2825 3300 -475 
F,, 2388 2450 +62 4a75 2463 88 
a 288 288 0 300 300 0 
LD 8 ore Bes 
oe 3950 3900 -50 3925 3925 0 
F, 2800 2550 -250 2525 2700 -175 
B 2300 2020 -280 2050 2225 -175 
% 450 450 0 475 475 0 
Be Ee 
F, 3750 2750 -1000 3950 3950 0 
F. 2800 2400 -400 2550 2600 50 
F, 2200 2000 -200 2000 2200 -200 
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Table D.2 (continued) 


Steady Trans. Trans. Steady 
state end diff. start state diff. 
util GQ) l+tu 
“3500 3450 -50 3650 3650 0 
2650 2550 
950 1200 +250 1300 975 +325 
400 375 -25 425 425 0 
util (1) 1l+u 
~ 3300 3150 -150 3400 af 3400 0 
2700 2600 -100 
800 950 +150 1100 1025 £75: 
SiS 375 0 400 400 0 
ol (1) I +0 
3650 3500 -150 3600 7 3550 +50 
2550 2650 2650 0 
950 1025 +75 1100 1050 +50 
500 500 0 550 550 0 
ol gq) 4+ 
~ 3600 3400 -200 3600 7 3600 0 
2475 2050 -425 2150 
850 1050 +200 1050 975 +75 
525 550 +25 600 600 0 


Table D.2 (continued) 


Steady Trans. Trans. Steady 

start end diff. start state diff. 
(2) i+l (2) lei 
Fy "3825 3800 -25 3850 3888 -38 
Fy 2903 2763 -150 2713 2875 -162 
Fy 2425 2363 -62 2325 2463 -138 
EF 313 313 0 313 313 0 
mere an sae 
Fy 3675 3375 -300 3725 3725 0 
F, 3038 2438 -600 2600 3050 -350 
Fy 2350 1850 -500 2050 2325 -275 
Fi 300 300 0 350 350 ) 
QO) 9+k a is 
Fy 3850 3850 0 3850 3850 0 
FE. 2650 2550 -100 2550 2625 -75 
Fy 2250 1900 -350 2000 2100 -100 
Fi 525 525 0 500 500 ) 
Bed a as 
F, 3725 3500 -225 3750 3850 -100 
F, 2525 2450 -125 2500 2600 -100 
F, 2200 1750 -450 2000 2100 -100 
F 525 525 0 500 500 0 
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Table D.3 


Formant transitions of vowels adjacent to n and n. 


Steady Trans. Trans. Steady 

state end diff. start state diff, 
(6) atn (4) nta 
Fy “4008 4088 +80 4088 7 4050 +38 
Fy 2367 2413 +46 2475 2362 113 
Fy 1342 1533 +191 1575 1418 157 
Fi 933 863 -70 782 850 68 
(6) atn (2) nta 
F, 3841. 3042 -799 3813. 3850 -37 
F, 2250 2150 -100 2237 2300 -63 
Fy 1325 1538 +213 1462 1450 +12 
Fy 913 946 +33 900 900 0 
(1) ad¢n (1) nbs 
Fy ~ 3700 3700 0 3750 7 3750 0 
F, 2400 2525 +125 2500 2375 -125 
Fy 1450 1450 0 1400 1525 +125 
Fi 700 750 +50 700 700 0 
(1) at¢n (1) n + a 
Fy "3450 2850 -600 3700 3700 0 
F, 2325 1950 -375 2400 2475 -75 
Fy 1400 1450 +50 1450 1450 0 
F 775 775 0 800 800 0 


Table D.3 (continued) 


Steady Trans. Trans. 
state end diff. start 
(1) u¢tn (1) 
on 3725 3725 0 3700 
F, 2500 2500 0 2600 
E, 1200 1325 +125 1100 
Fy 400 400 0 325 
(1) utn 
e, “3650 2975 -675 
P, 2600 2000 -600 
KR 650 1250 +600 
Fi 300 300 0 
(1) o+#n (1) 
F, 3625 3400 -225 3400 
Fy 2500 2500 0 2500 
Fy 1000 1175 +175 1175 
Fi 550 675 +125 700 
(1) o+n (1) 
Fy 3525 3000 -525 3650 
Fe 2500 1975 -525 2100 
Hs 950 1125 +175 1050 
F 550 700 +150 750 


Steady 
state diff. 
ntu 

~ 3700 0 
2600 0 
850 +250 
325 0 

n+o 

- 3600 -200 
2500 0 
1125 +50 
675 -25 

eee: 

7 3650 0 
2475 -375 
1050 0 

725 +25 


Steady Trans. Trans. Steady 

state end daft. start state diff. 
ce Gl ets 
Fy 3850 3850 0 3925 3925 0 
F 3262 3075 -187 2950 3208 -258 
Fy 2563 2413 -150 2433 2633 -200 
Fi 325 325 0 308 308 0 
ree ees 
Fy 3763 3150 -613 3975 3975 0 
Ey 2817 3333 -516 
F, 2425 2288 -137 2267 2638 -371 
Fy 313 313 0 338 338 0 
(1) e+n (1) nte 
Fy "3850 3850 ) 3825 3825 0 
F, 2650 2600 -50 2700 2800 -100 
F, 2200 1950 -250 2100 2225 -125 
F, 400 400 0 500 500 0 
(1) etn (1) n+e 
Fy 3750 3150 -600 3975-3975 0 
E 2750 2525 -225 2800 2750 +50 
é 2250 1925 -325 2000 2125 -125 
F 400 400 0 550 550 0 


Table D.3 (continued) 
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Table D.4 
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Formant transitions of the vowel a adjacent to dental and retroflex stops. 


Steady Trans. Trans. Steady 

state end diff. start state diff. 

(4) att (7) tra 
Fy 3613 3688 +75 3750 7 3607 +143 
F, 2588 2550 -38 2604 2504 +100 
F, 1300 1444 +144 1489 1310 +179 
Fy 838 644 -194 661 829 -168 

(5) atd (8) d+ a 
Fy 3565 3750 +185 3675 3516 +159 
F, 2530 2485 -45 2700 2575 +125 
F, 1255 1460 +205 1597 1344 253 
F845 845 610 -235 588 825 -237 

(4) att (7) tra 
Fy “3425 2763 -662 3700 a 3564 +136 
F. 2444 2044 -400 2346 2368 -22 
F, 1281 1638 +357 1543 1332 +211 
Fi 875 613 -262 668 846 -178 

(6) at+d (8) dta 
F, "3596 2833 -763 3644 7 3595 +50 
F. 2410 1995 -415 2406 2388 +19 
F, 1283 1654 +371 1662 1369 +294 
F 842 613 -229 600 813 -213 


Table D.5 


Formant transitions of the vowel g adjacent to dental and retroflex stops. 


Steady Trans. Trans. Steady 

state end diff. start state diff. 
(1) att (2) toa 
F, 3800 3800 0 3650 3475 +175 
F, 2725 2725 0 2638 2588 +50 
Fy 1325 1525 +200 1513 1288 +225 
Fy 750 675 -75 563 638 -75 
Qy sta (2) dt+o 
F, 3900 4000 +100 3625-3463 +162 
F, 2725 2800 +75 2688 2588 +100 
F, 1425 1575 +150 1525 1363 +163 
Fy 725 550 -175 575 625 -50 
QQ) att (2) t +a 
Fy 3750 3050 -700 3600 3425 +175 
F, 2450 2100 -350 2425 2275 +150 
F, 1450 1725 +275 1600 1425 +175 
Fy 675 525 -150 588 625 -38 
(1) gid (3) d+a 
F, "3750 3050 -700 3625 3517 +108 
F, 2200 2050 -150 2600 2467 +133 
F, 1400 1725 $325 1683 1492 +192 


F 650 525 -125 517 642 -125 


Table D.6 
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Formant transitions of the vowel u adjacent to dental and retroflex stops. 


Steady Trans. Trans. Steady 
state end diff. start state 

(2) utt (7) tru 
F 3400 3550 +150 3540 = 3515 
F, 2500 2500 0 2394 2369 
Fy 938 1125 +188 1121 939 
Fy a75 375 0 371 371 

(2) u+d (3) d+u 
Fy ~ 3675 3550 -125 3325 ~ 3400 
F, 2525 2550 +25 2500 2413 
Fy 850 1300 +450 1200 794 
Fi 400 400 0 358 358 
(2) uit (4) t+ 7 
Fy “3400 2750 -650 3550 3625 
Fy 2450 2150 -300 2325 2350 
Fo 800 950 +150 1119 750 
Fi 400 400 0 375 $75 

(3) u+d (3) dtu 
F, 3450 2733 74 3500 3350 
F, 2433 2133 -300 2475 2475 
Fy 750 1033 +283 1167 742 
F 375 375 0 375 375 


diff. 


Table D.7 
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Formant trantitions of the vowel o adjacent to dental and retroflex stops. 


Steady Trans. Trans. Steady 
state end diff. start state diff. 
ma Me See 
3700 3700 0 3775 3750 25 
2450 2700 +250 2541 2533 +8 
1075 1200 +125 1175 925 +250 
600 600 0 475 500 -25 
o+d (4) d+o 
~ 3450 3550 +100 3600 3556 +44 
2613 2638 +25 2606 2600 -6 
950 1243 +293 1294 963 +331 
500 538 +38 450 475 -25 
ot (3) t+o 
"3688 3488 -200 3433 7 3367 +67 
2550 1825 -725 2242 2533 -292 
875 1225 +350 1267 950 +317 
588 588 0 475 508 -33 
o+d (5) dt+o 
~ 3500 2850 -650 3192 ‘ 3367 -175 
2475 1825 -650 2290 2380 -90 
925 1200 +275 1280 1020 +260 
550 550 0 480 530 -50 


Table D.8 
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Formant transitions of the vowel i adjacent to dental and retroflex stops. 


Steady Trans. Trans. Steady 

state end duvet, start start diff. 
@ ive () tea 
Fy 3800 3800 0 3785 3765 +20 
Fy 2800 2650 -150 2820 3060 -240 
Fo 2375 2200 -175 2335 2455 -120 
Fi 313 313 0 290 290 0 
a lo 2 
Fy 3725 3692 -33 3705 3715 -10 
F, 2825 2550 -275 2710 3110 -400 
Fo 2367 2192 -175 2250 2410 -160 
Fi 308 308 0 295 295 0 
a ee RSS 
Fy 3650 3675 +25 3755 3750 +5 
F, 2925 2875 -50 2745 3100 -355 
Fy 2425 2388 -38 2290 2445 -155 
Fy 513 313 0 300 300 0 
(2) Lid (4) d+i 
Fy "3650 3600 -50 3688 7 3688 0 
Fz 2650 2600 -50 2638 3200 -563 
Fy 2300 2175 -125 2206 2444 -238 
F 313 313 0 300 300 0 
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Table D.9 


Formant transitions of the vowel e adjacent to dental and retroflex stops. 


Steady Trans. Trans. Steady 

state end diff. start state diff. 
(1) e+t (3) ttre 
F, 3900 3900 0 3767 3683 +83 
F, 2800 2700 -100 2567 2600 -33 
Fy 2175 1900 -275 2000 2100 -100 
FE 550 450 -100 417 417 0 
(1) e+d (3) d+t+e 
Fy “3900 4000 +100 3750 7 3725 +25 
F, 2700 2600 -100 2592 2633 -42 
Fy 2075 1900 -175 1935 2092 -157 
F 475 400 -75 408 425 -17 
Q ett G) ge 
Fy 3850 3850 0 3744 S719 25 
F, 2750 2700 -50 2531 2538 -6 
Fy 2200 2125 -75 2050 2100 -50 
Fi 475 400 -75 475 475 0 
(1) etd (3) d+ e 
Fy ~ 3800 3800 0 3650 us 3650 0 
F, 2600 2750 +150 2533 2550 -17 
Fo 2200 2150 -50 1867 2033 -166 
F 450 350 -100 458 458 ) 


Table D.10 


Formant transitions of the vowel a adjacent 
to labial, velar, and palatal stops. 


Steady Trans. Trans. Steady 

state end diff. start state diff. 

at+p (7) pta 

"3575 3675 +100 3643 3579 +64 
2400 2350 -50 2450 2443 +7 
1288 1263 -25 1175 1236 -61 
838 725 -113 743 857 -114 

a+b (4) bta 

“3500 3450 -50 3519 7 3538 -19 
2388 2350 -38 2506 2563 -57 
1275 1200 -75 1138 1203 -75 
825 675 -150 631 831 -200 

a+k (3) kta 

"3625 4175 +550 3692 > 3475 +217 
2375 2113 -262 2183 2400 -217 
1250 1325 +75 1425 1316 +109 
850 650 -200 700 825 -125 

at+g (3) gta 

“3400 3800 +400 3633 7 3617 +16 
2500 2100 -400 2325 2383 -58 
1200 1300 +100 1508 1308 +200 


825 700 -125 517 775 -258 


Table D.10 (continued) 


Steady 
state 


3500 
2300 
1400 


800 


diff. 


+150 


-200 


+400 


-300 


Trans. Steady 

start state aiff. 
oe 
3700 3400 +300 
2800 2400 +400 
2100 1375 +725 
400 TTS. -375 


Table D.11 


Formant transisions of the vowel 2 adjacent 
to labial, velar, and palatal stops. 


Trans. Steady Trans Steady 
start state ditt. start state ditt. 
p+e (ob +e 

3250 3300 -50 3300 3300 0 
2475 2475 0 2500 2600 -100 
1000 1050 -50 925 1175 -250 

575 600 -25 550 650 -100 
kta 

3450 3325 +125 

2300 2375 -75 

1175 ULZS. 0 

500 625 -125 
c+oa (1) at ta 

3525 3425 +100 3550 3350 +200 
2475 2275 +200 2775 2225 +550 
1900 1250 +650 2000 1250 +750 


400 600 -200 400 625 -225 


Table D.11 (continued) 


Steady Trans. Trans. Steady 

state end diff. start state atte. 
(2) ats ee. Bes 
FE, 342 3550 4125 3533 3400 +133 
F, 2200 2213 +13 2308 2300 +8 
F, 1413 1450 +37 1425 1335 +92 
F 550 500 -50 475 567 -92 
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Table D.12 


Formant transitions of the vowel u adjacent 


to labial, velar, and palatal stops. 
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Trans Steady Trans. Steady 

start state diff. start state diff. 
(1) ptu @) btu 
Fy ~ 3400 3400 0 3250 3250 0 
F, 2400 2400 0 2500 2500 0 
Fy 725 725 0 725 725 0 
Fy 400 400 0 375 375 0 
(4) ke+u (2) gtu 
F, 3483 3433 +50 3650 3650 0 
Fy 2350 2400 -50 2250 2500 -250 
Fy 731 731 0 Tot 737 0 
Fy 381 381 0 350 350 0 
GQ)  ¢ru GQ) jtu 
Fy 3200 3400 -200 3200 3400 -200 
F, 2275 2425 -150 2250 2350 -100 
Fy 1725: 900 +825 2000 850 +1150 
BR 400 400 0 375 375 0 


Table D.13 


Formant transitions of the vowel o adjacent 


to labial, velar, and palatal stops. 
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Trans Steady Trans. Steady 

start state diff. start state diff. 
(1) pt+o (1) b+o 
F, “3200 3200 0 3150 3150 0 
F, 2725 2700 +25 2650 2750 -100 
Fy 700 700 0 800 850 -50 
Fi 400 400 0 350 425 -75 
(1) k+o0 (1) g+o 
Fy 3350 3100 +250 3250 7 3150 +100 
FE, 2300 2500 -200 2300 2550 -250 
Fy 850 850 0 875 875 0 
FE 475 500 -25 450 500 -50 
(1) c+o (1) j+o 
F ~ 3300 3250 +50 3300 - 3200 +100 
F, 2200 2350 -150 2200 2400 -200 
F, 1625 950 +675 2000 875 +1125 
F 425 500 -75 400 450 -50 


Table D.14 


Formant transitions of the vowel i adjacent 


Trans Steady 

start state diff. 
(3) pti 
Fy 3675 3675 0 
F 2875 3000 -125 
F, 2283 2350 -67 
Fi 292 300 -8 
Fy 
Ps 
" 
Py 
Q) «44 
F, 3750 3750 0 
F, 3250 3250 0 
Fy 2350 2400 -50 
Fy 300 300 0 

Steady Trans 

state end ditt. 
(1) i+k 
F, 3725 3725 0 
F. 2900 2550 -350 
Fy 2400 2500 -100 
F 300 300 0 


Trans. 


start 


to labial, velar, and palatal stops. 


Steady 
state 


diff. 


diff. 


Table D.15 


Formant transitions of the vowel e adjacent 


Trans Steady 
start state 
(1) ps 
Fy 3575 3675 
F, 2475 2600 
Fy 2050 2200 
Fi 400 450 
(1) kte 
Fy ~ 3700 3650 
F, 2600 2700 
F, 2250 2200 
Fi 400 425 
(1) cre 
Fy "3650 3650 
Fy 2750 2600 
F, 2200 2100 
F 400 425 


diff. 


-100 


-125 


-150 


Trans. 


start 


(1) 
3400 


2400 
1875 
400 
(1) 
3750 
2450 
2350 


375 


to labial, velar, and palatal stops. 


Steady 
state 


+e 
3700 


[Io 


2600 
2175 
400 


+e 


3600 


Joa 


2600 


2250 
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STUDIES IN GUJARATI PHONOLOGY AND PHONETICS 


Radhekant V. Dave, Ph.D. 


Cornell University 1977 


Following a general introduction (Chapter I), Chapter II presents a 
phonological description of Gujarati. Thirty phonemes are posited and 
described according to the Theory of Distinctive Features of Roman 
Jakobson. Nine feature oppositions are employed. The problems arising 
are critically examined with possible solutions. The feature systems of 
Generative Phonology and of Peter Ladefoged are briefly discussed. 

Chapter III presents an acoustic analysis of Gujarati vowels. The 
main characteristics of the nasalized vowels as compared to the clear 
vowels are: (1) No change in the fundamental frequency; (2) The first 
formant of the open vowels is generally higher and weakened; (3) A sub- 
formant appears in the open vowels; (4) A zero seems to be at around 
400-500 Hz; (5) Small peaks are seen at irregular intervals. The murmured 
or breathy vowels are characterized by (1) A strong air-flow; (2) Longer 
duration, a low frequency start, and a dip in the frequency in the begin- 
ning; (3) A slower rise in the intensity at the start; (4) No difference 
in the formant frequencies. 

Next follows the phonetic analysis of the retroflex and dental con- 
sonants in Chapter IV. Direct palatography is used. The place of 


articulation for the dental stops is dental or dentialveolar (r is mostly 


alveolar), whereas the retroflex stops are prepalatal, but postalveolar in 
combination with i. i,n.r, are palatal retroflex flaps. The acoustic 
analysis of the Seteering asd dental consonants is done on the basis of 
spectrograms. The burst analysis is done by a computerized linear pre- 
diction analysis method. The main results of the acoustic investigation 
are: (1) Retroflex 1 and n have a lower F, and F, than dental 1 and n, 

and 1 has a higher P than 1; (2) All retroflex consonants have a lowering 
effect on F, and Fy of the surrounding vowels, particularly of the pre- 
ceding vowels, as compared to the dental consontants. The effect of retro- 
flex consonants on the following vowel is much more irregular. (3) The 

F and Fy transitions of the vowel preceding the retroflex consonants are 
generally negative. (4) An important characteristic of retroflex con- 
sonants is said by earlier researchers to be a clustering of Fos F. and Fy 
in a relatively narrow frequency region. The present investigation con- 
firms this; (5) The closure duration for d - d is shorter than for t - t. 
There is also a tendency for the tetvottex ‘consonants to have a alientiy 
shorter closure than the dental consonants, but this difference is not con- 
sistent; (6) The VOT (voice onset time) value is smaller for retroflex con- 
sonants than for dental consonants; (7) The burst has more energy at lower 
frequencies before retroflex stops than before dental stops. (8) Although 
the dental and retroflex stops are less clearly distinguished in the posi- 
tion following a vowel, it seems that there is no possibility of confusing 
them with other stops. The similarity in formant transitions between 
velars and retroflex stops is found only after the vowel a, and to a cer- 


tain extent also before the vowel a. This confirms the findings of other 


researchers; (9) The Fy locus is 1700 for dentals, and 2100 for retroflex 


stops. The F, locus for dentals is approximately at 2700 Hz. The Fy 
locus is only a guess at 3500 Hz. F. and F, of retroflex stops do not 
point to a definite frequency. They go downward. The lowest points 


are 1800 and 2750 for the F, and F, transitions respectively. 


3 4 
These results are summarized, and critically compared with the re- 
sults of other investigators. An effort is made to explain the rela- 


tion between the acoustic results and articulation. Jakobson's descrip- 


tion of the retroflex consonants needs verification. 
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